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OPTICAL COMMUNICATION SYSTEM 


BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to an optical conununication system for connecting 
communication nodes. Specifically, the present invention relates to an optical 
communication system (optical network system) for flexibly connecting multiple 
conmiunication nodes at low cost and with high reliability by utilizing the wavelength- 
routing characteristics of an arrayed waveguide grating, and for sharing memories loaded 
in respective commimication nodes at low cost. More specifically, the present invention 
relates to an optical conmiimication system which enables flexible connection of 
commimication nodes with high reliability, by utilizing the wavelength-routing 
characteristics used in an arrayed waveguide grating or the like. 

Priority is claimed on Japanese Patent Application No. 2002-338242 filed on 
November 21, 2002 and Japanese Patent Application No. 2003-3263 17 filed on 
September 1 8, 2003, the contents of which are incorporated herein by reference. 

Description of the Related Art 

With the developments in computerized offices and computerized administration, 
a demand for sharing information between respective communication nodes (nodes), for 
delivering information to a specific commimication node, or for distributed processing of 
the specific information between respective communication nodes is increasing in 
intranets and networks in organizations. Therefore, a method for realizing this with low 
cost, easily, and stably has been desired. 


As a method for realizing this, as shown in FIG. 53, it is considered to annularly 
connect by optical fibers, shared memory which is loaded in respective communication 
nodes on the network, and to sequentially transmit frames loaded with communication 
data between these commimication nodes. FIG. 53 shows a system comprising four 
commimication nodes 5201 to 5204. Communication modules 5012 loaded with optical 

transceivers and shared memories, are installed in the commimication nodes 5201 to 

\ 

5204, and the flow of frames Fl to F4 loaded with the respective data of the 
commvmication nodes 5201 to 5204, forms a logical ring topology. The frames Fl to F4 
loaded with the respective data of the communication nodes 5201 to 5204, circulate the 
logical ring topology so that the data is shared between the commvmication nodes (for 
example, refer to "optical channel-enabled PMC card", <URL: 
http:// avaldata. com/avaldata/product/module_product/giga/apm425/apm425 .html>) 
Here, as a method for configuring a network by connecting communication 
nodes, as shown in FIG. 54A to FIG. 54B, there is so called a ring-shaped network 
system which physically and annularly connects respective commtmication nodes, 
represented by a token ring (for example, refer to "IEEE 802.5 Documents, 802.5c- 
1991(R1997) Supplement to IEEE Std 802.5-1989", especially, chapter 2, <URL: 
http://www.8025.org/documents/i>). In FIG, 54A, reference symbols 13001 to 1300n 
denote nodes. 

Regarding the token ring scheme shown in FIG. 54A and FIG. 54B, by only 
arranging a transmission/reception circuit (transceiver) in respective communication 
nodes, and simply chain connecting sequentially all the commimication nodes by an 
optical waveguide such as an optical fiber, it is possible to connect many commimication 
nodes by transmission processing, with low cost. Therefore, it is suitable as a network 
which can be configured easily. 
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According to this scheme, as shown in FIG. 53, it is possible to share data of the 
memories, which all the connected commxmication nodes have, so that delivering, 
circulating, and distributed processing of signals between all the communication nodes 
becomes feasible. 

However, in the abovementioned scheme, the problem is such that, in the case 
where any fault such as disconnection of an optical fiber or failure of a commimication 
node occxirs, all the other connected commimication nodes are affected. That is to say, in 
the case where a fault occurs, the commimication node that detected the fault outputs a 
fault signal, the respective commimication nodes temporarily withdraw fi-om the network 
to which they belong, and attempt automatic diagnosis in order to reconfigure the 
network around the faulty area. When they attempt automatic diagnosis, all the other 
commimication nodes connected to the network are affected, and communication 
disconnection occurs. Furthermore, another problem is such that, in the case where a 
communication node is to be added to the same ring, the overall network must be paused. 

Hence, in a ring-shaped network, a method for avoiding the influence of a 
communication fault by using a reverse route is used. For example, there is an FDDI 
(Fiber Distributed Data Interface) as a token ring optical communication system which 
duplicates a ring network by an optical fiber. In the FDDI, when a fault occurs, the 
reverse route can be realized by using a redundant optical fiber. However, not only is 
there a problem in that the fault avoiding system becomes extremely large scale, but also 
a redundant configuration of the transmission optical fiber is indispensable. Moreover, a 
token ring does not fimction as a shared memory network unless the ring is completed. 
Therefore, a convenient and stable optical communication system alternative has been 
desired. 


Fxirthermore, even if the redundant configuration is employed, if a 
communication faults occur at more than one communication node, it becomes 
impossible to form a logical ring topology. Therefore, there is the drawback in that 
communication nodes where no fault has occurred are isolated. 

Moreover, it is also considered to share the memory which the respective 
communication nodes accommodated in a ring network have. However, due to the 
abovementioned problems, there is a need for a highly reliable optical communication 
system as an altemative to this. 

SUMMARY OF THE INVENTION 

The present invention takes into consideration the abovementioned problems, 
with an object of realizing an optical commimication system which can connect multiple 
commimication nodes at low cost and with high reliability, and which can share memory 
loaded in respective commimication nodes at low cost. 

Also, an object of the present invention is to construct an optical commimication 
system which enables highly reliable and flexible connection to communication nodes 
connected to a path establishment circuit such as an arrayed waveguide grating, by 
utilizing wavelength-routing characteristics of a path establishment circuit such as an 
arrayed waveguide grating. 

In order to solve the abovementioned problem, an optical communication 
system according to a first aspect of the present invention comprising: an N x N 
wavelength path establishment circuit having N input ports and N output ports, N being 
an integer of at least 2, outputting light input fi-om an input port to a different output port 
depending on the wavelength of the input light, and the wavelength of light output fi-om 
an output port being different depending on the input port; n commimication nodes, n 


being an integer at least 2 and not greater than N, for outputting information of an input 
optical data signal, as is or after changing a part of the information, as an optical data 
signal of a predetermined wavelength; and optical waveguides for connecting the input 
ports and the output ports of the N x N wavelength path establishment circuit, and the 
communication nodes, wherein for at least some of the n commimication nodes, in order 
to form at least one logical-ring transmission path where an optical data signal 
transmitted from one communication node retums to the one commimication node via 
other commimication nodes, a correlation of wavelengths for connecting between the 
input ports and the output ports of the N x N wavelength path establishment circuit, 
wavelengths of optical data signals output from the respective communication nodes, and 
connections between the input ports and the output ports of the N x N wavelength path 
establishment circuit, and the respective communication nodes are set. 

Moreover, in an optical commimication system according to a second aspect of 
the present invention, in the abovementioned optical communication system, for at least 
some of the n communication nodes, in order to form at least two logical-ring 
transmission paths where an optical data signal transmitted from one communication 
node retums to the one commimication node via other communication nodes, a 
correlation of wavelengths for connecting between the input ports and the output ports of 
the N X N wavelength path establishment circuit, wavelengths of at least two optical data 
signals output from the respective conmiunication nodes, and connections between the 
input ports and the output ports of the N x N wavelength path establishment circuit, and 
the respective communication nodes are set. 

Furthermore, in an optical communication system according to a third aspect of 
the present invention, in the abovementioned optical communication system of the first 
aspect, each commimication node sets the wavelength of an optical control signal for link 


query between the communication nodes which is output so as to form the logical-ring 
transmission path where the optical control signal circulates in reverse to the optical data 
signal. In an optical commxmication system according to a fourth aspect of the present 
invention, in the optical conmiimication system according to the third aspect, each . 
commimication node splits a part of an input optical data signal and transmits the split 
optical data signal as the optical control signal for link query. In an optical 
communication system according to a fifth aspect of the present invention, in the optical 
communication system according to the third aspect, each communication node 
configures a leading part of the optical data signal with an unmodulated signal, 
modulates the immodulated part of the optical data signal input to each communication 
node, and transmits the modulated optical data signal as the optical control signal for link 
query^ 

Furthermore, in an optical communication system according to a sixth aspect of 
the present invention, in the optical commimication system according to any one of the 
third to the fifth aspects, a communication node which caimot receive the optical control 
signal for link query sets the output wavelength of the optical data signal to a wavelength 
corresponding to a communication node which skips at least the next communication 
node on the transmission path of the optical data signal. 

Furthermore, in an optical communication system according to a seventh aspect 
of the present invention, in an optical commimication system according to any one of the 
abovementioned aspects, each communication nodes is provided with: a device which 
transfers the optical data signal so that an optical data signal loaded with information of 
communication nodes circulates the respective communication nodes forming the 
logical-ring transmission path; a memory for storing information of the optical data 
signal which has been received; and a transfer device which writes the information of the 


optical data signal to the memory, and appends infomiation to the optical data signal 
which is transmitted. 

Moreover, in an optical communication system according to an eighth aspect of 
the present invention, in an optical commimication system according to any one of the 
abovementioned aspects, further comprising a management device which monitors and 
controls the condition of the respective communication nodes, wherein a management 
signal for managing a commimication node is: transferred between the management 
device and the communication node by an optical signal, of which wavelength is 
different from the wavelength of the optical data signal or the wavelengdis of the optical 
data signal and the optical control signal; transferred via an optical waveguide which is 
different from an optical waveguide for transmitting the optical data signal or both the 
optical data signal and the optical control signal; or transferred via an electric signal. 

Furthermore, an optical communication system according to a ninth aspect of 
the present invention is an optical commimication system for communicating between 
multiple communication nodes for outputting information of an input optical data signal, 
as is or after changing a part of the information, as an optical data signal of a 
predetermined wavelength, comprising: an N x N wavelength path establishment circuit, 
which has N input ports and N output ports, N being any integer which satisfies 2 < n < 
N where n is the number of the communication nodes, connected to the communication 
nodes via an optical waveguide, and light input from an input port is output to a different 
output port depending on the wavelength of the input light, and the wavelength of light 
output from an output port is different depending on the input port; a database prestored 
with output wavelengths used in the case in which a signal is routed from a 
predetermined input port to a predetermined ou^ut port in the N x N wavelength path 
establishment circuit; and a controlling device which receives control information 
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including a connection request from a communication node, refers to the database and 
reads out an output wavelength which should be set by the communication node, and 
transmits control information for instructing the output wavelength to the commvmication 
node which transmitted the connection request, wherein for at least some of the n 
commxinication nodes, in order to form a logical-ring transmission path where an optical 
data signal transmitted from one communication node returns to the one communication 
node via other commimication nodes, a correlation of wavelengths for connecting 
between the input ports and the output ports of the N x N wavelength path establishment 
circuit, wavelengths of optical data signals output from respective communication nodes, 
and connections between the input ports and the output ports of the N x N wavelength 
path establishment circuit, and the respective communication nodes are set 

According to the above-described optical communication systems, multiple 
communication nodes (nodes) can be connected at low cost and with high reliability, and 
sharing of the memories of the respective communication nodes becomes possible. 

Moreover, an optical communication system according to a tenth aspect of the 
present invention comprising: multiple commimication nodes each having a pair of a 
signal output port and a signal input port; and multiple path establishment circuits each 
having multiple optical input ports and multiple optical output ports which are set so that 
an optical signal input from an optical input port is output to a predetermined optical 
output port corresponding to the wavelength of the mput optical signal, wherein the 
signal output port and the signal input port of the pair of each communication node are 
connected to an optical input port and an optical output port of one of the multiple path 
establishment circuits, an optical input port of one path establishment circuit is connected 
to an optical ou^ut port of another path establishment circuit, and an optical output port 
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of the one path establishment circxiit is connected to an optical input port of the other 
path establishment circuit. 

Moreover, in an optical commimication system according to an eleventh aspect 
of the present invention, in the optical communication system of the tenth aspect, the 
wavelengths of the optical signals from the signal output ports of the respective 
communication nodes are arranged so that the connection of the multiple communication 
nodes forms a logical ring topology. 

Moreover, in an optical communication system according to a twelfth aspect of 
the present invention, in the optical communication system according to the tenth or 
eleventh aspects, an optical output port of the one path establishment circuit and an 
optical input port of the other path establishment circuit is connected via a 
commimication node. 

An optical communication system according to a thirteenth aspect of the present 
invention comprising multiple xmits, each of which comprises: multiple conmiunication 
nodes each having a pair of a signal output port and a signal input port; multiple optical 
switches, each of which sets the direction of an optical sigiial in which the optical signal 
from one optical input port is output to any of multiple optical output ports; multiple 
optical multiplexers, each of which multiplexes optical signals from multiple optical 
input ports, and each of which outputs a multiplexed signal to one optical output port; 
and a path establishment circuit having multiple optical input ports and multiple optical 
output ports which is set so that an optical signal input from an input port is output to a 
predetermined optical output port depending on the wavelength of the input optical signal, 
wherein, in each of the multiple units, a signal output port of a communication node is 
connected to an optical input port of the corresponding optical switch, an optical output 
port of the optical switch is connected to an optical input port of the corresponding 
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optical multiplexer, an optical output port of the optical multiplexer is comiected to an 
optical input port of the corresponding path establishment circuit, and an output port of 
the path establishment circuit is connected to a signal input port of the corresponding 
communication node. 

An optical communication system according to a fourteenth aspect of the 
present invention comprising multiple units, each of which comprises: multiple 
communication nodes each having a pair of a signal output port and a signal input port; 
multiple optical splitters, each of which splits an optical signal from one optical input 
port, and each of which outputs split optical signals to multiple optical output ports; 
multiple optical switches, each of which sets the direction of an optical signal in which 
the optical signal from any of multiple input ports is output to one optical output port; 
and a path establishment circuit having multiple optical input ports and multiple optical 
output ports which is set so that an optical signal input from an optical input port is 
output to a predetermined optical output port depending on the wavelength of the input 
optical signal, wherein, in each of the multiple imits, a signal output port of a 
communication node is connected to an optical input port of the corresponding optical 
splitter, an optical output port of the optical splitter is connected to an optical input port 
of the corresponding optical switch, an optical output port of the optical switch is 
connected to an optical input port of the corresponding path establishment circuit, and an 
output port of the path establishment circuit is connected to a signal input port of the 
corresponding communication node. 

In an optical communication system according to a fifteenth aspect of the 
present invention, in the optical commimication system according to the thirteenth or the 
fourteenth aspects, the wavelengths of the optical signals from the signal output ports of 
the respective communication nodes are arranged and the directions of the optical 
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switches are set so that the connection of the multiple communication nodes forais a 
logical ring topology. 

In an optical communication system according to a sixteenth aspect of the 
present invention, in the optical communication system according to any one of the 
thirteenth through fifteenth aspects, each of the path establishment circuits comprises an 
arrayed waveguide grating. 

In an optical commimication system according to a seventeenth aspect of the 
present invention, in the optical communication system according to any one of the 
thirteenth through sixteenth aspects, an optical light source of the communication node 
comprises a wavelength-tunable optical light source. 

In an optical communication system according to an eighteenth aspect of the 
present invention, in an optical commvinication system according to any one of the 
twelfth through seventeenth aspects, a part of the communication nodes is replaced by a 
repeater having a fimction for converting wavelength. 

In an optical communication system according to a nineteenth aspect of the 
present invention, in an optical communication system according to the eleventh or 
fifteenth aspects, each communication node is provided with: a device which transfers an 
optical data signal loaded with information of communication nodes so that the optical 
data signal circulates the respective commxmication nodes on the logical ring topology; a 
memory for storing information of the optical data signal which has been received; and a 
transfer device which writes the information of the received optical data signal to the 
memory, and appends information to an optical data signal which is transmitted. 

In an optical communication system according to a twentieth aspect of the 
present invention, in an optical communication system according to any of the tenth 
through nineteenth aspects, ftirther comprising a management node which monitors and 
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controls the condition of the respective communication nodes, wherein the respective 
communication nodes and the management node commimicate using an optical signal, of 
which the wavelength is different from the wavelength of an optical data signal loaded 
with information of communication nodes. 

An optical communication system according to a twenty first aspect of the 
present invention is an optical commimication system for commimicating between 
multiple communication nodes each having a pair of a signal output port and a signal 
input port, comprising: a path establishment circuit having multiple optical input ports 
and multiple optical output ports which is previously set so that an optical signal input 
from an optical input port is output to a predetermined optical output port depending on 
the wavelength of the input optical signal; a database prestored with ou^ut wavelengths 
used in the case in which a signal is routed from a predetermined optical input port to the 
predetermined optical output port in the path establishment circuit; and a controlling 
device which receives control information including a connection request from a 
communication node, refers to the database and reads out an output wavelength which 
should be set by the communication node, and transmits control information for 
instructing the output wavelength to the communication node which transmitted the 
connection request, wherein the signal output port and the signal input port of the pair of 
each multiple communication node are connected to an optical input port and an optical 
output port of the path establishment circuit, and an optical input port of one path 
establishment circuit is connected to an optical output port of another path establishment 
circuit, and an optical output port of the one path establishment circuit is connected to an 
optical input port of the other path establishment circuit. 

An optical communication system according to a twenty second aspect of the 
present inyention is an optical communication system for communicating between 
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multiple communication nodes each having a pair of a signal output port and a signal 
input port, comprising: multiple units, each of which comprises multiple optical switches, 
each of which sets the direction of an optical signal in which the optical signal from one 
optical input port is output to any of multiple optical output ports, multiple optical 
multiplexers, each of which multiplexes optical signals from multiple optical input ports, 
and each of which outputs a multiplexed optical signal to one optical output port, and a 
path establishment circuit having multiple optical input ports and multiple optical output 
ports which is set so that an optical signal input from an optical input port is output to a 
predetermined optical output port depending on the wavelength of the input optical 
signal; a database prestored with information of devices connected to the optical input 
ports and the optical output ports of the optical switches, and output wavelengths used in 
the case in which an optical signal is routed from a predetermined optical input port to a 
predetermined optical output port in the path establishment circuits; and a controlling 
device which receives control information including a connection request from a 
communication node, refers to the database and reads out an output wavelength which 
should be set by the communication node, and transmits control information for 
instructing the output wavelength to the communication node which transmitted the 
connection request, and also which controls the setting of the directions of the optical 
switches, wherein, in each of the multiple units, a signal output port of a communication 
node is connected to an optical input port of the corresponding optical switch, an optical 
output port of the optical switch is connected to an optical input port of the 
corresponding optical multiplexer, an optical output port of the optical multiplexer is 
connected to an optical input port of the corresponding path establishment circuit, and an 
output port of the path establishment circuit is connected to a signal input port of the 
corresponding commvmication node. 
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An optical communication system according to a twenty third aspect of the 
present invention is an optical communication system for communicating between 
multiple communication nodes each having a pair of a signal output port and a signal 
input port, comprising: multiple units, each of which comprises multiple optical splitters, 
each of which splits an optical signal from one optical input port, and each of which 
outputs split optical signals to multiple optical output ports, multiple optical switches, 
each of which sets the direction of an optical signal in which the optical signal from any 
of the multiple input ports is output to one optical output port, and a path establishment 
circuit having multiple optical input ports and multiple optical output ports which is set 
so that an optical signal input from an input port is output to a predetermined optical 
ou^iit port depending on the wavelength of the input optical signal; a database prestored 
with information of devices connected to the optical input ports and the optical output 
ports of the optical switches, and output wavelengths used in the case in which an optical 
signal is routed from a predetermined optical input port to a predetermined optical output 
port in the path establishment circuits; and a controlling device which receives control 
information including a connection request from a communication node, refers to the 
database and reads out an output wavelength which shoiild be set by the commimication 
node, and transmits control information for instructing the output wavelength to the 
communication node which transmitted the connection request, and also which controls 
the setting of the directions of the optical switches, wherein, in each of the multiple imits, 
a signal output port of a communication node is connected to an optical input port of the 
corresponding optical splitter, an optical output port of the optical splitter is connected to 
an optical input port of the corresponding optical switch, an optical output port of the 
optical sv^tch is connected to an optical input port of the corresponding path 
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establishment circmts, and an output port of the path establishment circuit is connected to 
a signal input port of the corresponding commimication node. 

Furthermore, the respective configurations can be combined in as many ways as 

possible. 

Here a communication node means a device which receives an input optical 
signal, effects communication processing and then ou^uts an optical signal with a 
predetermined wavelength. Logical ring topology means a configuration where the 
logical connection forms a ring shape. Arrayed- waveguide grating means a passive 
functional device where an optical waveguide is formed on a substrate made of silica, 
silicon or the like. By means of an arrayed-waveguide grating, a path establishment 
modifying function, a wavelength selecting function and the like can be realized. A 
wavelength-timable optical light source means an optical light source which can control 
and modify the wavelength of the output optical signal. A repeater means a device which 
communication processes layer 1 or lower layers in an OSI basic reference model, 
receives an input optical signal and outputs an optical signal at a predetermined 
wavelength. By making the wavelength of the output optical signal different from the 
wavelength of the input optical signal, the repeater can be given a wavelength conversion 
function. 

According to the optical commimication systems of the above-described tenth 
through twenty-third aspects, it is possible to highly reliably and flexibly connect 
commimication nodes connected to a path establishment circuit such as an arrayed 
waveguide grating, by utilizing wavelength-routing characteristics of a path 
establishment circuit such as an arrayed waveguide grating. 


BRIEF DESCRIPTION OF THE DRAWINGS 
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FIG. 1 A and FIG. IB are block diagrams showing a first embodiment of an 
optical communication system of the present invention. 

FIG. 2A and FIG. 2B are explanatory diagrams for the first embodiment of the 
present invention, showing an example of correlation of wavelengths connecting between 
input ports and output ports in an N x N-AWG, FIG. 2A showing a case without cyclic- 
wavelength characteristics, and FIG. 2B showing a case with cyclic- wavelength 
characteristics. 

FIG. 3A and FIG. 3B are block diagrams showing a second embodiment of an 
optical communication system of the present invention. 

FIG. 4A and FIG. 4B are explanatory diagrams showing an example of 
transmission paths between input ports and ou^ut ports in an N x N- AWG of the second 
embodiment of the present invention. 

FIG. 5 A and FIG. 5B are explanatory diagrams showing an example of setting 
of wavelengths of optical data signals of respective communication nodes in the second 
embodiment of the present invention, FIG. 5 A showing a case without cyclic-wavelength 
characteristics, and FIG. 5B showing a case with cyclic-wavelength characteristics. 

FIG. 6A and FIG. 6B are block diagrams showing a third embodiment of an 
optical communication system of the present invention. 

FIG. 7A and FIG. 7B are explanatory diagrams showing an example of setting 
of wavelengths of optical data signals and optical control signals of the respective 
communication nodes in the third embodiment of the present invention, FIG. 7A showing 
a case without cyclic-wavelength characteristics, and FIG. 7B showing a case with 
cyclic-wavelength characteristics. 
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FIG. 8 is an explanatory diagram showing an example of a configuration related 
to transfer of optical control signals in the respective communication nodes in the third 
embodiment of the present invention. 

FIG. 9 is an explanatory diagram showing another example of a configuration 
related to transfer of optical control signals in the respective commimication nodes in the 
third embodiment of the present invention. 

FIG. 10 is an explanatory diagram showing yet another example of a 
configuration related to transfer of optical control signals in the respective 
communication nodes in the third embodiment of the present invention. 

FIG. 1 1 is an explanatory diagram showing yet another example of a 
configuration related to transfer of optical control signals in the respective 
communication nodes in the third embodiment of the present invention. 

FIG. 12A and FIG. 12B are block diagrams showing a situation in a case where 
a fault occurs in an optical communication system of the present invention. 

FIG. 13A and FIG. 13B are explanatory diagrams showing an example of setting 
of wavelength of optical data signals and optical control signals of the respective 
communication nodes in a case where a fault occurs, FIG. 13 A showing a case without 
cyclic-wavelength characteristics, and FIG. 13B showing a case with cyclic- wavelength 
characteristics. 

FIG. 14 is an explanatory diagram showing an example of a configuration 
related to avoidance of faults in flie respective communication nodes. 

FIG. IS is an explanatory diagram showing another example of a configuration 
related to avoidance of faults in the respective communication nodes. 

FIG. 16 is a block diagram showing a fourth embodiment of an optical 
communication system of the present invention. 
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FIG. 17 is an explanatory diagram showing an example of a configuration 
related to the transfer of management signals in the respective communication nodes. 

FIG. 1 8 is an explanatory diagram showing in detail a configuration related to 
the transfer of management signals in the respective communication nodes and 
management devices. 

FIG. 19 is an explanatory diagram showing another example of a configuration 
related to the transfer of management signals in the respective commxmication nodes. 

FIG. 20 is a block diagram showing a fifth embodiment of the present invention, 
for describing an optical conmiunication system which uses wavelength path 
establishment circuits. 

FIG. 21 is an explanatory diagram showing a configuration of a path 
establishment circuit applicable to the fifth embodiment of the present invention. 

FIG. 22 is an explanatory diagram showing wavelength characteristics of a path 
establishment circuit applicable to the fifth embodiment of the present invention. 

FIG. 23 is an explanatory diagram showing wavelength characteristics of a path 
establishment circuit applicable to the fifth embodiment of the present invention. 

FIG. 24 is a block diagram showing a sixth embodiment of the present invention, 
for describing an optical commimication system which uses wavelength path 
establishment circuits. 

FIG. 25 is a block diagram showing a seventh embodiment of the present 
invention, for describing a configuration of an optical communication system which uses 
communication nodes and repeaters for connection of a path establishment circuit. 

FIG. 26 is an explanatory diagram showing a configuration of a path 
establishment circuit applicable to an eighth embodiment of the present invention. 
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FIG. 27 is an explanatory diagram showing wavelength characteristics of a path 
establishment circuit applicable to the eighth embodiment of the present invention. 

FIG. 28 is an explanatory diagram showing wavelength characteristics of a path 
establishment circuit applicable to the eighth embodiment of the present invention. . 

FIG. 29 is a block diagram showing the eighth embodiment of the present 
invention, for describing an optical communication system which uses wavelength path 
estabUshment circuits. 

FIG. 30 is a block diagram showing a ninth embodiment of the present invention, 
for describing an optical communication system which uses wavelength path 
establishment circuits and optical switches. 

FIG. 3 1 is a block diagram showing the ninth embodiment of the present 
invention, for describing logical connections of an optical communication system which 
uses wavelength path establishment circuits and optical switches. 

FIG. 32 is an explanatory diagram showing a configuration of a path 
establishment circuit applicable to the ninth embodiment of the present invention. 

FIG. 33 is an explanatory diagram showing wavelength characteristics of the 
path establishment circuit applicable to the ninth embodiment of the present invention. 

FIG. 34 is an explanatory diagram showing wavelength characteristics of the 
path establishment circuit applicable to the ninth embodiment of the present invention. 

FIG. 35 is a block diagram showing a tenth embodiment of the present invention, 
for describing an optical communication system which uses wavelength path 
establishment circuits and optical switches. 

FIG. 36 is a block diagram showing an eleventh embodiment of the present 
invention, for describing an optical communication system where part of the 
communication nodes is replaced by a repeater. 
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FIG. 37 is an explanatory diagram showing a configuration of a path 
establishment circuit applicable to the twelfth embodiment of the present invention. 

FIG. 38 is an explanatory diagram showing wavelength characteristics of a path 
establishment circuit applicable to the twelfth embodiment of the present invention. 

FIG, 39 is an explanatory diagram showing wavelength characteristics of a path 
establishment circuit applicable to the twelfth embodiment in the present invention. 

FIG. 40 is a block diagram showing the twelfth embodiment of the present 
invention, for describing an optical communication system which uses wavelength path 
establishment circuits and optical switches. 

FIG. 41 is a block diagram showing the twelfth embodiment of the present 
invention, for describing logical connections of an optical commxmication system which 
uses wavelength path establishment circuits and optical switches. 

FIG. 42 is a diagram showing a basic concept for an information sharing system 
according to a thirteenth embodiment of the present invention. 

FIG, 43A and FIG. 43B are diagrams showing a configuration of packet frames 
in the thirteenth embodinient of the present invention. 

FIG. 44 is a block diagram showing an overall configuration of an information 
sharing system according to the thirteenth embodiment of the present invention. 

FIG. 45 is a block diagram showing a configuration of the communication node 
3201 shown in FIG. 44. 

FIG. 46 is a block diagram showing a configuration of the shared memory board 
3043 shown in FIG. 45. 

FIG. 47 is a block diagram showing a configuration of the network management 
node 3030 shown in FIG. 44. 
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FIG. 48 is a diagram showing wavelength-routing characteristics which show a 
relation between wavelengths and input/ou^ut ports of a path establishment circuit 3 101, 
in the thirteenth embodiment of the present invention. 

FIG. 49 is a diiagram showing wavelength-routing characteristics which show a 
relation between wavelengths and input/output ports of a path establishment circuit 3 102, 
in the thirteenth embodiment of the present invention. 

FIG. 50 is a diagram showing an overall configuration of an information sharing 
system according to a fourteenth embodiment of the present invention. 

FIG. 51 is a diagram showing a configuration of a packet SramCy in the 
fourteenth embodiment of the present invention. 

FIG. 52A and FIG. 52B are flowcharts showing a processing procedure for 
detecting a fault source and for continuing an operation of information sharing, in the 
fourteenth embodiment of the present invention. 

FIG. 53 is a block diagram showing an example of an information sharing 

system. 

FIG. 54A and FIG. 54B are block diagrams showing an example of an optical 
communication system according to a token ring scheme. 

DETAILED DESCRIPTION OF THE INVENTION 
Herexmder is a description of embodiments of the present invention, with 
reference to the appended drawings. 
(Embodiment 1) 

First to fourth embodiments described hereimder, are described using as an 
example "8" as N, being the number of input ports and output ports of an N x N arrayed 
waveguide grating optical multiplexer/demultiplexer (hereunder, N x N-AWG) which 
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functions as a wavelength path establishment circuit, and as n, being the number of 
communication nodes. However, the invention is not limited to this and it may be such 
that N is any integer of 2 or more and that n is any integer of 2 or more and less than or 
equal to N. . 

FIG. 1 A and FIG. IB show a first embodiment of an optical communication 
system of the present inyention. FIG. lA shows the overall configuration, while FIG. IB 
shows an example of transmission paths between input ports and output ports in the N x 
N-AWG. 

In FIG. 1 A, reference symbol 101 is an N x N (here, 8 x 8)-AWG having 8 input 
ports 301 to 308 and 8 output ports of 401 to 408, the arrangement being such that; light 
input to one input port, is output fi^om different respective output ports according to the 
wavelength thereof. Also, the wavelength of the light output fi-om the one output port is 
different for each input port. FIG. 2A and FIG. 2B show an example of correlation of 
wavelengths for connecting between the input ports and the output ports in the N x N- 
AWG 101 . FIG. 2 A shows a case where the used wavelength does not have cyclic 
characteristics. FIG. 2B shows a case where the used wavelength has cyclic 
characteristics. 

Moreover, in FIG. 1 A, reference symbols 201 to 208 denote communication 
nodes. The arrangement is for outputting optical data signals of predetermined 
wavelengths and for outputting the information of input optical data signals, as is or after 
changing a part of it, as the optical data signals of predetermined wavelengths. 

The communication nodes 201 to 208 are respectively connected to the input 
ports 301 to 308 and the output ports 401 to 408 of the N x N-AWG 101 via optical 
waveguides such as optical fiber (not shown). Specifically, the communication node 201 
is coimected to the input port 301 and the output port 401, the communication node 202 
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is connected to the input port 302 and the output port 402, and so on, and the 
communication node 208 is connected to the input port 308 and the output port 408. 

Here, if the wavelengths of the optical data signals of the respective 
commimication nodes 201 to 208 are appropriately selected and set, based on a 
correlation of wavelengths between the input ports and the output ports in the N x N- 
AWG 101 and a connection between the input ports and the output ports of the N x N- 
AWG 101 and the communication nodes 201 to 208, then a logical-ring transmission 
path can be formed where an optical data signal transmitted from one communication 
node retums to the one commxmication node via the other commvinication nodes. 

Specifically, if the wavelengths 1301 to 1308 of the optical data signals of the 
communication nodes 201 to 208 are set to A2, X4, X6, X.8, XI 0, XI 2, XI 4, and X8 (in the 
case of FIG. 2A) or to X2, X4, X6, X8, X2, X4, X6, and X8 (in the case of FIG. 2B), an 
optical data signal from the commimication node (#1) 201 is output to the 
communication node (#2) 202, an optical data signal from the communication node (#2) 
202 is output to the commimication node (#3) 203, and so on, and an optical data signal 
from the communication node (#7) 207 is output to the communication node (#8) 208, 
and an optical data signal from the communication node (#8) 208 is output to the 
communication node (#1) 201 . As a result, a logical-ring transmission path 501 to 508 
having a route of #1 ^ #2 #3 #4 #5 #6 #7 #8 #1 can be formed. 

This idea, as above described, is effective in any case where a wavelength used 
for the N x N-AWG has cyclic characteristics or where it does not have cyclic 
characteristics. If the wavelengths are selected based on a correlation of wavelengths, a 
transmission path connecting the communication nodes can be formed. 

Furthermore, here an example of the transmission path having a route of #1 — ► 
#2 #3 #4 #5 #6 "> #7 #8 #1 is shown, however, the order of the 
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transferrinjg communication nodes has no special meaning provided that wavelengths 
which connect the comnnmication nodes in this manner are selected. For example, even 
for a route of #2 #5 #6 #8 #7 -> #4 -> #3 #1 -> #2, the wavelengths may 
be selected and set based on the correlation of wavelength shown in FIG. 2A and FIG. 
2B. 

On the other hand, in the above example, the case of a transmission path having 
arouteof#l -^►#2-^#3-^#4->#5-*#6->#7->#8->#l is shown. However, 
multiple routes may be simultaneously set depending on the setting of the wavelengths of 
the optical data signals. 

(Embodiment 2) 

FIG. 3 A and FIG. 3B show a second embodiment of an optical communication 
system of the present invention. FIG. 3 A shows a case with one route (same as the case 
of the first embodiment) and FIG. 3B shows a case with three routes. 

That is to say, as shown in FIG. 3B, it becomes possible to treble the overall 
path by forming a new transmission path having a route of #1 ^ #3 #5 — ► #7 #1 
and a route of #2 ^ #4 — > #6 — > #8 ^ #2, in addition to the transmission path having a 
route of #1 #2 #3 #4 #5 #6 -> #7 #8 #1. 

FIG. 4A and FIG. 4B show an example of transmission paths between the input 
ports and the output ports in N x N-AWG 101 of the second embodiment, FIG. 4 A 
showing an example corresponding to FIG. 3A and FIG. 4B showing an example 
corresponding to FIG. 3B. 

FIG. 5A and FIG. 5B show an example of setting of wavelengths 1301 to 1316 
of optical data signals of the respective commimication nodes 201 to 208 in the second 
embodiment shown in FIG. 3B. FIG. 5A shows a case where the used wavelength does 
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not have cyclic characteristics, while FIG. 5B shows a case where the used wavelength 
has cyclic characteristics. For example, if the wavelengths of the optical data signals of 
the communication node (#1) 201 are set to X2 and X3, an optical data signal can be 
transmitted from the commimication node (#1) 201 to the communication node (#2) 202 
and the communication node (#3) 203. 

(Embodiment 3) 

Next is a description of a scheme for fault avoidance in the present optical 
conunxmication system. 

As above-described, in an optical communication system where an optical data 
signal is transmitted in only one direction, in the case where a fault occurs in a specific 
node, it becomes aware of the fact that a fault has occurred somewhere on the present 
optical network when an optical data signal does not return to the communication node 
which transmitted the optical data signal. However, in this case, since the part where the 
fault has occurred cannot be detemiined, then normally there are many cases where some 
optical control signals for link query between communication nodes are needed. 

FIG. 6A and FIG. 6B show a third embodiment of an optical communication 
system of tfie present invention. FIG. 6 A shows an overall configuration, while FIG. 6B 
shows an example of a transmission path between input ports and output ports in an N x 
N-AWG. 

Here, regarding the communication nodes 201 to 208, by properly selecting and 
setting the output wavelengths of the optical control signals, a logical-ring transmission 
path 601 to 608 can be fomied in which, in reverse to the optical data signal, an optical 
control signal transmitted from one communication node returns to the one 
communication node via the other communication nodes. 
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FIG. 7A and FIG. 7B show an example of setting of wavelengths of the optical 
data signals and the optical control signals of the communication nodes in the third 
embodiment FIG. 7A shows a case where the used wavelength does not have cyclic 
characteristics, while FIG. 7B shows a case where the used wavelength has cyclic 
characteristics. 

That is to say, regarding the wavelengths 1301 to 1308 of the optical data 
signals of the respective commxmication nodes 201 to 208, by setting similarly to the first 
embodiment, it becomes possible to form a transmission path 501 to 508 having a route 
of #1 #2 #3 #4 #5 #6 #7 #8 #1 . On the other hand, regardmg the 
wavelengths 1401 to 1408 of the optical control signals of the respective communication 
nodes 201 to 208, if these are set to XS, 12, X,4, X6, A.8, XIO, Jil2, and X\4 (in the case of 
FIG. 7A) or to X8, X2, X.4, X6, X.8, X2, 14, and 16 (m the case of FIG. 7B), a logical-ring 
transmission path 601 to 608 having a reverse route of #1 #8 ^ #7 — ► #6 ^ #5 — ► #4 
— * #3 — > #2 — ► #1 can be formed. 

In this case, as described in the first embodiment, the route of the transmission 
path of the optical data signal is not always limited to #1 — > #2 — > #3 ^ #4 — > #5 — > #6 
— ► #7 --^ #8 — > #1, and the wavelengths may be selected and set so that this passes 
through the commxmication nodes in a desired order, and the wavelengths may be 
selected and set based on FIG. 7A and FIG. 7B so that also for the optical control signals 
their transmission path is in a reverse direction. 

FIG. 8 shows an example of a configuration related to transfer of optical control 
signals in the respective commimication nodes, together with an N x N-AWG. Here, the 
example is shown for the case where an optical data signal and an optical control signal 
are independently transmitted. In the figure, reference symbols 1601 to 1608 denote 
optical demultiplexers, reference symbols 1701 to 1708 denote optical multiplexers. 
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reference symbols 1901 to 1908 denote optical data signal receivers, reference symbols 
2001 to 2008 denote optical control signal receivers, and reference symbols 2301 to 2308 
denote optical control signal transmitters. 

In the configuration, optical control signals generated by optical control signal 
transmitters 2301 to 2308 are multiplexed with optical data signals by the optical 
multiplexers 1701 to 1708, and input to respective input ports of the N x N-AWG 101, 
and transmitted to output ports corresponding to the respective wavelengths. The optical 
data signals and optical control signals output from the output ports are demultiplexed by 
the optical demultiplexers 1601 to 1608 and received by the optical data signal receivers 
1901 to 1908 and the optical control signal receivers 2001 to 2008. 

Incidentally, as will be clear by referring to the correlation of wavelengths 
shown in FIG. 7A and FIG. 7B, the wavelengths 1301 to 1308 of the optical data signals 
transferred between communication nodes, and the wavelengths 1401 to 1408 of the 
optical control signals of the reverse route transferred between these communication 
nodes are the same. For example, the wavelength of the optical data signal from the 
communication node (#1) 201 to the communication node (#2) 202, and the wavelength 
of the optical control signal from the communication node (#2) 202 to the 
communication node (#1) 201 are the same wavelength (A2). Consequently, it is also 
possible to split a part of the optical data signal input to the respective communication 
nodes, and transmit it as an optical control signal for link query. 

FIG. 9 shows another example of a configuration related to transfer of optical 
control signals in the respective communication nodes, together with an N x N-AWG. 
Here, the example is shown for the case where a part of the optical data signal is split and 
transmitted as the optical control signal. In the figure, reference symbols 701 to 708 
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denote paths for loop-back optical signals, reference symbols 1801 to 1808 denote 
optical splitters. The other configuration is the same as for the case of FIG. 8. 

hi the configuration, a part of optical data signals demultiplexed by the optical 
demultiplexers 1601 to 1608 is split by the optical splitters 1801 to 1808, and this is input 
to the optical multiplexers 1701 to 1708 via the paths 701 to 708 for loop-back optical 
signals, to thereby be used as optical control signals. In this case, when a reverse 
direction optical control signal does not come from the next communication node in the 
transmission direction of the optical data signal, it can be determined that a fault is in the 
next commimication node or in the optical waveguide between the present 
communication node and the next commimication node. 

Furthermore, in the case where a part of the optical data signal is split and made 
an optical control signal, several methods can be considered. 

FIG. 10 shows yet another example of a configuration related to transfer of 
optical control signals in the respective commimication nodes, together with an N x N- 
AWG. Here, shown an example, as with the example in FIG. 9, of the case where a part 
of the optical data signal is simply split and returned to the input port. 

In this configuration, for example, an optical data signal of a shared memory 
frame 801 of the commimication node (#1) 201 is sent to the communication node (#2) 
202, a part of this is returned as an optical control signal by the communication node (#2) 
202, then sent to the communication node (#1) 201, and received by the optical control 
signal receiver 2001. Similarly, an optical data signal of a shared memory frame 808 of 
the communication node (#8) 208 is sent to the communication node (#1) 201, a part of 
this is returned as an optical control signal by the communication node (#1) 201, then 
sent to the commimication node (#8) 208, and received by the optical control signal 
receiver 2008. 
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FIG. 1 1 shows yet another example of a configuration related to transfer of 
optical control signals in the respective communication nodes, together with an N x N- 
AWG. Here, an example is shown of a case where an immodulated CW (Continuous- 
Wave) region is previously added to the head of an optical data signal, and this is 
modulated and transmitted in a reverse direction, reflecting for example a condition of 
the commimication nodes. In the figure, reference symbols 1 101 to 1 108 denote optical 
modulators, reference symbols 2101 to 2108 denote reverse optical data signal receivers, 
and reference symbols 2201 to 2208 denote reverse optical data signals. The other 
configuration is the same as for the case of FIG. 8. 

In the configuration, for example, an optical data signal of a shared memory 
fi^me 901 of the communication node (#1) 201 is sent to the communication node (#2) 
202, an unmodulated part at the head is split by the optical splitter 1 802 of the 
commimication node (#2) 202, modulated by the optical modulator 1 102 and returned as 
a reverse optical data signal 2201 for link query, and sent to the communication node 
(#1) 201, and received by the reverse optical data signal receiver 2101. In this 
embodiment, similarly to the examples in FIG. 9 and FIG. 10, when a reverse direction 
optical signal does not come from the next communication node in the transmission 
direction of the optical data signal, it can be determined that the fault is in the next 
commimication node or in the optical waveguide between the present communication 
node and the next communication node, and it is possible to gain information related for 
example to the condition of the next communication node fi'om the reverse optical data 
signal. 

In any case, in the case where it is determined by using the optical control signal 
or the reverse optical data signal that there is a fault in a communication node or in an 
optical waveguide such as an optical fiber, it becomes possible to skip the fatdty part. 
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FIG. 12 A and FIG. 12B show a situation in the case where a fault occurs in the 
aforementioned first embodiment. FIG. 12 A shows the overall configuration, while FIG. 
12B shows an example of transmission paths between the input ports and the output ports 
intheNxN-AWG. 

If a fault occurs in a communication node or optical waveguide, a 
commimication node prior to the commimication node or optical waveguide where the 
fault occurs in the transmission direction of the optical data signal, becomes unable to 
receive the optical control signal for link query. In this case, the communication node 
which becomes unable to receive the optical control signal sets the output wavelength of 
the optical data signal to a wavelength corresponding to a commimication node which 
skips at least the next communication node on the transmission path of the optical data 
signal. 

For example, in the case where a fault occurs in the commimication node (#2) 
202, the communication node (#1) 201 uses a wavelength, for example A3, for 
transmitting the optical data signal to the next communication node (#3) 203 after the 
communication node (#2) 202, so that it become possible to easily form a transmission 
path #1 #3 #4 #5 #6 — #7 #8 #1 by a skip path 1201 for at the time of 
the fault, which skips the faulty communication node (#2) 202. 

FIG. 13A and FIG. 13B show an example of setting of wavelengths of optical 
data signals and optical control signals of the communication nodes in the case where a 
fault occurs. FIG. 13A shows a case where the used wavelength does not have cyclic 
characteristics, while FIG. 13B shows a case where the used wavelength has cyclic 
characteristics. In the figures, reference symbols 1501 to 1508 are skip wavelengths for 
at the time of a fauh. However, these wavelengths (>3, X5, X7, X9, UI,X13, X7, and X9 
in the case of FIG. 13A, and X3, X5, X7, XI, 73, X5, X7, and XI in the case of FIG. 13B) 
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denote wavelengths which are respectively and individually modified in the case where a 
fault occurs in any one of the communication nodes #2, #3, #4, #5, #6, #7, #8, and #1 (or 
their optical waveguides) and does not mean simultaneously modifying all the 
wavelengths when a fault occurs. 

In this case, similar to the abovementioned embodiment, the effect is similar in 
any case where a wavelength used for the N x N-AWG has cyclic characteristics or 
where it does not have cyclic characteristics. In any case, the wavelength may be set 
based on FIG. 1 3 A and FIG. 13B. 

FIG. 14 shows an example of a configuration related to avoidance of faults in 
the respective communication nodes, together with an N x N-A WG. In the figure, 
reference symbols 2401 to 2408 denote multi-wavelength optical transmitters. Together 
with light sources corresponding to wavelengths of the original optical data signals of the 
respective commvmication nodes, light sources of wavelengths corresponding to skip 
wavelengths are provided, for modifying the wavelengths of the optical data signals fi*om 
the original wavelengths into skip wavelengths when a fault occurs. The other 
configuration is the same as for the cases in FIG. 9 and FIG. 10. 

FIG. 15 shows an example of a configuration related to avoidance of faults in 
the respective communication nodes, together with an N x N-A WG. In the figure, 
reference symbols 2501 to 2508 denote wavelength-tunable optical transmitters. Light 
sources for which the respective wavelengths are modified into the wavelengths of the 
original optical data signals of the respective communication nodes or into the skip 
wavelengths of the respective communication nodes, are provided for modifying the 
wavelengths of the optical data signals fi-om the original wavelengths into skip 
wavelengths when a fault occurs. The other configuration is the same as for the cases in 
FIG. 9 and FIG. 10. 
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Furthermore, here an example is shown for skipping the communication node 
where a fault has occurred (in the example of FIG. 12A and FIG. 12B, the 
communication node (#2) 202), and for transmitting the optical data signal to the next 
communication node (in the example of FIG. 12A and FIG. 12B, the commimication 
node (#3) 203). However, when a fault occurs, the transmission path of the overall 
optical network may be reestablished. For example, it is possible to easily reestablish a 
transmission path having a route such as #1 ^ #6 #4 #3 #8 #5 ^ #7 — > #1, 
which does not include the communication node (#2) 202 where a fault has occurred, by 
modifying the wavelength of the optical data signal. 

Consequently, as mentioned above, in the present optical commimication system, 
it is not necessary to employ a redimdant configuration of the optical waveguide such as 
with an optical fiber, so that it becomes possible to easily constitute a stable optical 
communication system having superior resistance to faults. Moreover, the number of the 
communication nodes which can be contained in the network is limited depending on the 
number of ports of the AWG, and can realize a large-scale network of 100 nodes or more. 

(Embodiment 4) 

FIG. 16 shows a fourth embodiment of an optical communication system of the 
present invention. Here, an example is shown where a management device for 
monitoring and controlling the condition of the respective communication nodes, is 
provided in the first embodiment. 

That is to say, in the figure, reference symbol 9001 denotes a management 
device, which controls transfer conditions for the optical data signals of the respective 
conummication nodes 201 to 208, joining and separation to the network, grouping, and 
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avoidance when a fault occxirs, by transferring management signals 9101 to 9108 
between the respective conmmnication nodes 201 to 208. 

FIG. 17 shows an example of a configuration related to transfer of management 
signals in the respective commimication nodes, together with an N x N-AWG, Here, an 
example is shown where a management signal is transferred by an optical signal having a 
different wavelength to that of an optical data signal (for example, the wavelength of the 
optical data signal is 1.5 pm, while the wavelength of the optical control signal is 1.3 \im). 
In the figure, reference symbols 1609 to 1616 denote optical demultiplexers, reference 
symbols 1709 to 1716 denote optical multiplexers, reference symbols 9201 to 9208 
denote optical management signal transmitters, reference symbols 9301 to 9308 denote 
optical data signal transmitters comprising the above-described multi-wavelength optical 
transmitters or wavelength-tunable optical transmitters, reference symbols 9401 to 9408 
denote optical management signal receivers, and 9801 to 9816 denote optical waveguides. 

In the configuration, optical management signals of 1.3 ^m wavelength 
generated in the optical management signal transmitters 9201 to 9208, and optical data 
signals of 1 .5 jim wavelength generated in the optical data signal transmitters 9301 to 
9308 are multiplexed by the optical multiplexers 1701 to 1708 and transmitted via the 
optical waveguides 9801 to 9808. The optical management signals and the optical data 
signals which are multiplexed and transmitted, are demultiplexed by the optical 
demultiplexers 1601 to 1608 prior to mput to Nx N-AWG 101, and the optical 
management signals are input to the management device 9001 and the optical data 
signals are input to the respective input ports of the N x N-AWG 101. 

Based on control information of the commimication nodes included in the 
optical management signals, the management device 9001 transmits management 
information for controlling joining and separation to the network of the communication 
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nodes, grouping, and avoidance control when a fault occurs, towards the respective 
communication nodes as optical management signals of 1.3 pm wavelength. These 
optical management signals are again multiplexed with the optical data signals of 1.5 pm 
wavelength from the N x N-AWG 101 by the optical multiplexers 1709 to 1716, 
transmitted to the respective conmnmication nodes via the optical waveguide 9809 to 
9816, demultiplexed by the optical demultiplexers 1609 to 1616, and received by the 
optical data signal receivers 1901 to 1908 and the optical management signals receivers 
9401 to 9408. 

For the wavelength of the optical management signals, any wavelength may be 
selected as long as it can be multiplexed with and demultiplexed from the optical data 
signals or the optical data signals and the optical control signals. 

FIG. 1 8 shows details of a configuration related to transfer of optical 
management signals in the respective conmnmication nodes and management device, 
together with an N x N-AWG. Here, the configuration for the case where N = n = 4 is 
shown. In the figure, reference symbols 1809 to 1812 denote optical splitters, reference 
symbol 9002 denotes a transfer device for the management device, reference symbols 
9209 to 9212 denote optical management signal transmitters of the management device, 
reference symbols 9409 to 9412 denote optical management signal receivers of the 
management device, reference symbols 9701 to 9704 denote optical monitoring signal 
receivers, and reference symbols 991 1 to 9914 denote transferring sections of the 
conununication nodes. 

In the configuration, in the transfer device for the management device 9002, 
optical management signals are transferred by the optical management signal transmitters 
of the management devices 9209 to 9212 and the optical management signal receivers of 
the management devices 9409 to 9412 which are similar to the transferring sections of 
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the commimication nodes 991 1 to 9914, Fiuthermore, in the transferring sections 991 1 
to 9914 of the respective communication nodes, the optical splitters 1809 to 1812 split a 
part of the optical data signals generated by the optical data signal transmitters 9301 to 
9304, and the optical monitoring signal receivers 9701 to 9704 receive the split optical 
data signals and monitor the condition thereof. 

FIG. 19 shows another example of a configuration related to the transfer of 
management signals in the respective communication nodes, together with an N x N- 
AWG. Here, an example is shown where a management signal is transferred via an 
optical waveguide which is different from that for an optical data signal. In the figure, 
reference symbols 9501 to 9516 denote optical waveguides which are different fi-om the 
optical waveguides 9801 to 9816. 

In the configuration, optical management signals generated in the optical 
management signal transmitters 9201 to 9208 are transmitted via the optical waveguides 
9501 to 9508, separate to the optical data signals, and input to the management device 
9001. Similarly, the optical management signals sent towards the respective 
communication nodes firom the management device 9001 are transmitted to the 
respective communication nodes via the optical waveguides 9509 to 9516, and received 
by the optical management signal receivers 9401 to 9408. 

At this time, the wavelength of the optical management signals fi-om the optical 
management signal transmitters 9201 to 9208 may be the same as the wavelength of 
optical data signals from the optical data signal transmitters 9301 to 9308. Moreover, the 
management signals may be transferred as electric signals via electric signal lines, 
instead of via the optical waveguides. 
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Furthermore, in the fourth embodiment, an example is showQ where the 
management device is provided in the first embodiment, however needless to say the 
management device may be provided in the second or third embodiment. 

Moreover, in the description to here, the case is shown where memories to be 
shared, and transmitters and receivers of various signals (or, in addition, optical 
multiplexers, optical demultiplexers, optical splitters and the like) are provided in the 
respective commimication nodes. However, a construction is possible where only these 
parts of the respective commimication nodes are arranged at one place, for example 
concentrated near the N x N-AWG, and these and the respective communication nodes 
are connected by another transmission path for optical signals or electric signals, so as to 
exchange various signals. 

(Embodiments) 

Regarding the first to fourth embodiments, only one N x N-AWG which 
functions as a wavelength path establishment circuit is used. On the other hand, 
regarding the optical commimication system related to the embodiments described 
hereunder, multiple wavelength path establishment circuits are used. 

FIG. 20 describes an optical communication system which accommodates eight 
communication nodes by using three path establishment circuits having four pairs of 
optical input ports and optical output ports. In FIG. 20, reference symbols 3101 to 3103 
denote path establishment circuits, reference symbols 3201 to 3208 denote 
commimication nodes, reference symbols 3301 to 3308 denote respectively ou^ut 
circuits of the communication nodes 3201 to 3208, and reference symbols 3401 to 3408 
denote respectively input circuits of the communication nodes 3201 to 3208. 
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The communication nodes 3201 to 3208 each have one output circuit and input 
circuit pair, and there is provided one signal input port and signal output port pair for one 
output circuit and input circuit pair, and the optical signals to the signal input port are 
received, and then, after commimication processing, the optical signals are output from 
the signal output port. The path establishment circuits 3101 to 3103 have multiple 
optical input port and optical output port pairs, and are set so as to ou^ut to the 
predetermined optical output ports corresponding to the wavelengths of the optical 
signals input from the respective optical input ports. As a path establishment circuit, an 
arrayed waveguide grating (AWG) or the like can be applied. 

In FIG. 20, the path establishment circuit 3101, the path establishment circuit 
3 102, and the path establishment circuit 3 103 are cascade connected through these 
optical input port and optical output port pairs. The communication nodes 3201, 3202, 
and 3203 are accommodated in the path establishment circuit 3101, the commxmication 
nodes 3204 and 3205 are accommodated in the path establishment circuit 3102, and the 
communication nodes 3206, 3207, and 3208 are accommodated in the path establishment 
circuit 3 1 03. As shown in FIG. 20, in the respective path establishment circuits, the 
wavelengths of the optical signals from the signal output ports of the respective 
commimication nodes are arranged so that paths are established from the optical input 
ports to the adjacent optical output ports. 

An optical signal from the output circuit 3301 of the communication node 3201 
is input to the input circuit 3402 of the communication node 3202 and received, and after 
commimication processing by the commimication node 3202, the optical signal is output 
from the output circuit 3302. 

An optical signal from the output circuit 3302 of the communication node 3202 
is input, via the optical output port of the path establishment circxiit 3101 and the optical 
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input port of the patii establishment circuit 3 1 02, to the input circuit 3404 of the 
communication node 3204 and received, and after communication processing by the 
communication node 3204, the optical signal is output from the ouQ>ut circuit 3304. 

An optical signal from the output circuit 3304 of the commimication node 3204 
is input, via the optical output port of the path establishment circuit 3 102 and the optical 
input port of path establishment circuit 3103, to the input circuit 3406 of the 
communication node 3206 and received, and after commimication processing by the 
communication node 3206, the optical signal is output from the output circuit 3306. 

An optical signal from the output circuit 3306 of the commimication node 3206 
is input to the input circuit 3407 of the communication node 3207 and received, and after 
communication processing by the communication node 3207, the optical signal is output 
from the output circuit 3307. 

An optical signal from the output circuit 3307 of the communication node 3207 
is input to the input circuit 3408 of the communication node 3208 and received, and after 
communication processing by the communication node 3208, the optical signal is output 
from the output circuit 3308. 

An optical signal from the output circuit 3308 of the communication node 3208 
is input, via the optical output port of path establishment circuit 3 103 and the optical 
input port of path establishment circuit 3102, to the input circuit 3405 of the 
communication node 3205 and received, and after communication processing by the 
communication node 3205, the optical signal is output from the output circuit 3305. 

An optical signal from the output circuit 3305 of the communication node 3205 
is input, via the optical output port of path establishment circuit 3 102 and the optical 
input port of path establishment circuit 3101, to the input circuit 3403 of the 
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communication node 3203 and received, and after conmnmication processing by the 
communication node 3203, the optical signal is ou^ut from the output circuit 3303. 

An optical signal from the output circuit 3303 of the commimication node 3203 
is input to the input circuit 3401 of the communication node 3201 and received, and then 
communication processed by the commimication node 3201. 

In this manner, the connection of the communication nodes circulates 
sequentially from the commimication node 3201, the communication node 3202, the 
communication node 3204, the commimication node 3206, the communication node 
3207, the communication node 3208, the communication node 3205, the communication 
node 3203, to the communication node 3201, so that the connection of these 
communication nodes forms a logical ring topology. 

Here, in a path establishment circuit, as shown in FIG. 20, a method is described 
for arranging wavelengths of the optical signals from the signal output ports of the 
respective communication nodes, so that a path is established from the optical input port 
to the adjacent optical output port. 

FIG. 21 shows a configuration of a path establishment circuit. In FIG. 21, 
reference symbol 3101 denotes a path establishment circuit, reference symbols 301 1, 
3012, 3013, and 3014 denote optical input ports, and reference symbols 3021, 3022, 3023 
and 3024 denote optical output ports. FIG. 22 and FIG. 23 show wavelength-routing 
characteristics which determine from which optical output port an optical signal input 
from an optical input port is to be output corresponding to the wavelength thereof. FIG. 
22 shows a case without cyclic- wavelength characteristics, while FIG. 23 shows a case 
with cyclic-wavelength characteristics. Such characteristics can be realized by 
configuring with an arrayed waveguide grating. In a path establishment circuit with 


40 

cyclic-wavelength characteristics, the number of wavelengths used in the respective 
communication nodes may be only a few. 

For example, in an arrayed waveguide grating without cyclic-wavelength 
characteristics, as shown by the hatched area in FIG. 22, if an optical signal of X2 
wavelength is input from the optical input port 301 1, it is output to the optical output port 
3022. If an optical signal ofX4 wavelength is input from the optical input port 3012, it is 
output to the optical output port 3023. If an optical signal of X6 wavelength is input from 
the optical input port 3013, it is output to the optical output port 3024. If an optical 
signal ofX4 wavelength is input from the optical input port 3014, it is output to the 
optical output port 3021. 

For example, in the arrayed waveguide grating with cyclic- wavelength 
characteristics, as shown by the hatched area in FIG. 23, if an optical signal ofXZ 
wavelength is input from the optical input port 301 1 , it is output to the optical output port 
3022. If an optical signal ofX4 wavelength is input from the optical input port 3012, it is 
output to the optical output port 3023. If an optical signal ofX2 wavelength is input from 
the optical input port 3013, it is output to the optical output port 3024. If an optical 
signal of A,4 wavelength is input from the optical input port 3014, it is output to the 
optical output port 3021. 

If the wavelengths of communication nodes to be connected to the path 
estaWishment circuit 3101 in FIG. 21 are arranged such as in FIG. 22 or FIG. 23, it 
becomes possible in the path establishment circuit 3101 to establish the paths shown by 
the arrowheads in FIG. 2 1 . 

For example, in the case of a path establishment circuit without cyclic- 
wavelength characteristics, in FIG. 20, if the wavelength of an optical signal from the 
output circuit 3301 of the communication node 3201 is set to A2, the wavelength of an 
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optical signal from the ouQ>ut circuit 3302 of the communication node 3202 is set to X4, 
the wavelength of an optical signal from the output circuit 3305 of the communication 
node 3205 is set to X6, and the wavelength of an optical signal from the output circuit 
3303 of the communication node 3203 is set to X4, it becomes possible to establish the 
path shown in the path establishment circuit 3101 in FIG. 20. 

For example, in the case of a path establishment circuit with cyclic-wavelength 
characteristics, in FIG, 20, if the wavelength of an optical signal from the output circuit 
3301 of the communication node 3201 is set to X2, the wavelength of an optical signal 
from the output circuit 3302 of the communication node 3202 is set to X4, the wavelength 
of an optical signal from the outpiit circuit 3305 of the commvmication node 3205 is set 
to A2, and the wavelength of an optical signal from the output circuit 3303 of the 
communication node 3203 is set to X4, it becomes possible to establish the path shown in 
the path establishment circuit 3 1 0 1 in FIG. 20. 

Similarly, in the other path establishment circuits, by making the wavelengths of 
optical signals from the signal output ports of the conmumication nodes to a 
predetermined arrangement, it is possible to establish paths such as shown in the path 
establishment circuit 3101 in FIG. 20. 

As described in the present embodiment, by making the wavelengths of optical 
signals from the signal output ports of the communication nodes to the predetermined 
arrangement, it becomes possible to make the connection of the commimication nodes 
via path establishment circuits, into a logical ring topology. Furthermore, either an 
arrayed waveguide grating with cyclic-wavelength characteristics or an arrayed 
waveguide grating without cyclic-wavelength characteristics is applicable to such path 
establishment circuits. 
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In this embodiment, the optical input port and optical output port pairs of the 
path establishment circuit were described as four pairs, however, the optical input port 
and optical output port pairs of the path establishment circuit are not limited to four pairs 
and may be multiple pairs. Also, in the above embodiment, the path establishment 
circuits have the same number of optical input port and optical output port pairs, however, 
the respective path establishment circuits may have different numbers of optical input 
port and optical ou^ut port pairs. 

(Embodiment 6) 

This embodiment describes an increase in communication nodes connected by 
an optical communication system. In FIG. 24, reference symbols 3101 to 3104 denote 
path establishment circuits, reference symbols 3201 to 3210 denote communication 
nodes, reference symbols 3301 to 3310 denote respectively output circuits of the 
communication nodes 3201 to 3210, and reference symbols 3401 to 3410 denote 
respectively input circuits of the commimication nodes 3201 to 3210. 

The communication nodes 3201 to 3210 each have one output circuit and input 
circuit pair, and there is provided one signal input port and signal output port pair for one 
ou^ut circuit and input circuit pair, and the optical signals input to the signal input port 
are received, and then, after commimication processing, the optical signals are output 
from the signal output port. The path establishment circuits 3101 to 3104 have multiple 
optical input port and optical output port pairs, and are set so as to output to the 
predetermined optical output ports corresponding to the wavelengths of the optical 
signals input from the respective optical input ports. As a path establishment circuit, an 
arrayed waveguide grating (AWG) or the like can be applied. 
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In FIG. 24, the path establishment circuit 3101, the path establishment circuit 
3 1 02, the path establishment circuit 3 1 03, and the path establishment circuit 3 1 04 are 
connected through these optical input port and optical output port pairs. The 
communication nodes 3201,3202, and 3203 are accommodated in the path establishment 
circuit 3101, the communication node 3205 is accommodated in the path establishment 
circuit 3102, the conunimication nodes 3206,3207, and 3208 are accommodated in the 
path establishment circuit 3103, and the communication nodes 3204, 3209 and 3210 are 
accommodated in the path establishment circuit 3 104. As shown in FIG. 24, in the path 
establishment circuits 3101 to 3104, the wavelengths of the optical signals from the 
signal output ports of the respective commimication nodes are arranged so that paths are 
established from the optical input ports to the adjacent optical output ports. 

An optical signal from the output circuit 3301 of the commimication node 3201 
is input to the input circuit 3402 of the communication node 3202 and received, and after 
communication processing by the communication node 3202, the optical signal is output 
from the output circuit 3302. If this connection is repeated, the connection of the 
communication nodes circulates sequentially from the commimication node 3201, the 
communication node 3202, the communication node 3209, the communication node 
3204, the commimication node 3210, the communication node 3206, the commimication 
node 3207, the communication node 3208, the communication node 3205, the 
communication node 3203, to the communication node 3201, so that the connection of 
these communication nodes forms a logical ring topology. 

As described in the present embodiment, even if the communication nodes are 
increased, it becomes possible make the connection of the communication nodes via a 
path establishment circuit, into a logical ring topology. 
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Here, the number of path establishment circuits for connection is four. However, 
the number of path establishment circuits for connection is not limited to the number 
described in the embodiment, and has no upper limit. 

(Embodiment 7) 

In this embodiment, a description is given of an optical communication system 
for connecting an optical output port of a path establishment circuit and an optical input 
port of another path establishment circuit via communication nodes. Li FIG. 25, 
reference symbols 3101 to 3103 denote path establishment circuits, reference symbols 
3201 to 3208, 321 1, and 32 11 denote communication nodes, reference symbols 3301 to 
3308, 331 1, and 3312 denote respectively output circuits for the communication nodes 
3201 to 3208, 321 1, and 3212, reference symbols 3401 to 3408, 341 1, and 3412 denote 
respectively input circuits for the communication nodes 3201 to 3208, 321 1, and 3212, 
reference symbols 3501 and 3502 denote repeaters, reference symbols 3313 and 3314 
denote output circuits of the repeaters 3501 and 3502, arid reference symbols 3413 and 
3414 denote input circuits of the repeaters 3501 and 3502. 

The commtinication nodes 3201 to 3208, 321 1, and 3212 each have one output 
circuit and input circuit pair, and there is provided one signal input port and signal ou^ut 
port pair for one output circuit and input circuit pair, and the optical signals to the signal 
input port are received, and then, after communication processing, the optical signals are 
output from the signal output port. The repeaters 3501 and 3502 have one signal input 
port and signal output port pair, and the optical signals to the signal input port are 
received, and then the optical signals are output from the signal output port. The path 
establishment circuits 3101 to 3103 have multiple optical input port and optical output 
port pairs, and are set so as to output to the predetermined optical output ports 
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corresponding to the wavelengths of the optical signals mput from the respective optical 
input ports. As a path establishment circuit, an arrayed waveguide grating (AWG) or the 
like can be applied. 

An optical signal from the output circuit 3301 of the communication node 3201 
is input to the input circuit 3402 of the conmiunication node 3202 and received, and after 
communication processing by the communication node 3202, the optical signal is output 
from the output circuit 3302. 

An optical signal from the output circuit 3302 of the communication node 3202 
is input to the input circuit 341 1 of the communication node 321 1 and received, and after 
communication processing by the communication node 321 1, the optical signal is output 
from the output circuit 3311. 

An optical signal from the output circuit 33 1 1 of the communication node 321 1 
is input to the input circuit 3404 of the communication node 3204 and received, and after 
communication processing by the communication node 3204, the optical signal is ou^ut 
from the output circuit 3304. 

If this connection is repeated, the communication nodes are serially connected, 
hi repeaters along the way, there is no commimication processing and the input optical 
signals are received and output with predetermined wavelengths. The connection of the 
communication nodes circulates sequentially from the communication node 3201, the 
communication node 3202, the communication node 321 1, the communication node 
3204, the conmixmication node 3206, the commimication node 3207, the communication 
node 3208, the communication node 3205, the communication node 3212, the 
communication node 3203, to the commimication node 3201, so that the connection 
configuration of these communication nodes forms a logical ring topology. 
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As described for this embodiment, if the communication nodes are used for 
connecting path establishment circuits, it becomes possible to increase the 
communication nodes. Furthermore, even if the communication nodes are increased, it 
becomes possible to make the connection of the communication nodes via a path 
establishment circuit, into a logical ring topology. By using the conmiimication nodes 
for connecting the path establishment circuits, it become possible to arrange the 
wavelengths of optical signals input to a path establishment circmt without being affected 
by communication nodes connected only to another path establishment circuit. 

Moreover, in these optical communication systems, even if the communication 
nodes are replaced by repeaters, it is possible to make the connection of the 
communication nodes into a logical ring topology. 

(Embodiment 8) 

In this embodiment, there is described an optical communication system for 
modifying path establishment, by modifying the wavelength of the optical signal from 
the output circuit of the communication node. 

FIG. 26 shows a configuration of a path establishment circuit. In FIG. 26, 
reference symbol 3101 denotes a path establishment circuit, reference symbols 3011, 
3012, 3013 and 3014 denote optical input ports, and reference symbols 3021, 3022, 3023 
and 3024 denote optical output ports. FIG. 27 and FIG. 28 show wavelength-routing 
characteristics which determine from which optical output port an optical signal input 
from an optical input port is to be output corresponding to the wavelength thereof. FIG. 
27 shows a case without cyclic-wavelength characteristics, while FIG. 28 shows a case 
with cyclic- wavelength characteristics. Such characteristic can be realized by 
configuring with an arrayed waveguide grating. In a path establishment circuit with 
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cyclic- wavelength characteristics, the number of wavelengths used in the respective 
communication nodes may be only a few. 

For example, in an arrayed waveguide grating without cyclic-wavelength 
characteristics, as shown by hatched area in FIG. 27, if an optical signal ofX3 
wavelength is input from the optical input port 301 1 , it is output to the optical output port 
3023. If an optical signal of X6 wavelength is input from an optical input port 3013, it is 
output to the optical output port 3024. If an optical signal ofX4 wavelength is input from 
the optical input port 3014, it is output to the optical output port 3021 . 

For example, in an arrayed waveguide grating with cyclic-wavelength 
characteristics, as shown by the hatched area in FIG. 28, if an optical signal of X3 
wavelength is input from the optical input port 301 1 , it is ou^ut to the optical output port 
3023. If an optical signal ofXZ wavelength is input from the optical input port 3013, it is 
output to the optical output port 3024. If an optical signal of X4 wavelength is input from 
the optical input port 3014, it is output to the optical output port 3021. 

If the wavelength of a commimication node connected to the path establishment 
circuit 3101 in FIG. 26 is arranged such as in FIG. 27 or FIG, 28, it becomes possible in 
the path establishment circuit 3101 to establish the paths shown by the arrowheads in 
FIG. 26. In this manner, if the wavelength of the optical signal input to the optical input 
port of the path establishment circuit is modified, optional path establishment becomes 
feasible in the path establishment circuit. 

If the optical light sources of the communication nodes are made wavelength- 
tunable optical light sources, and the wavelengths of the optical signals input to the 
optical input ports of the path establishment circuit are modified, then optional path 
establishment in the path establishment circuit is possible. If modification of the path 
establishment is possible, then in an optical communication system, it becomes possible 
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to separate the faulty part and to connect normal communication nodes so as to maintain 
the connection of a logical ring topology in the case where a fault occurs in a 
communication node or in an optical waveguide such as an optical fiber connecting the 
commimication nodes or the like, and to configwe another ring network. 

FIG. 29 describes an example for configiuing another ring network, by 
modifying the path establishment. In FIG. 29, reference symbols 3101 to 3103 denote 
path establishment circuits, reference symbols 3201 to 3208, 321 1, and 32 11 denote 
communication nodes, reference symbols 3301 to 3308, 331 1, and 3312 denote 
respectively output circuits of the communication nodes 3201 to 3208, 32 11, and 3212, 
reference symbols 3401 to 3408, 341 1, and 3412 denote respectively input circuits of the 
commxmication nodes 3201 to 3208, 321 1, and 3212, reference symbols 3501 and 3502 
denote repeaters, reference symbols 3313 and 3314 denote output circuits of the repeaters 
3501 and 3502, and reference symbols 3413 and 3414 denote input circuits of the 
repeaters 3501 and 3502. 

The commimication nodes 3201 to 3208, 321 1, and 321 1 each have one output 
circuit and input circuit pair, and there is provided one signal output port and signal input 
port pair for one output circuit and input circuit pair, and the optical signals to the signal 
input port are received, and then, after commimication processing, the optical signals are 
output from the signal output port. The repeaters 3501 and 3502 have one signal output 
port and signal input port pair, and the optical signals to the signal input port are received, 
and then the optical signals are output from the signal output port. The path 
establishment circuits 3101 to 3103 have multiple optical input port and optical output 
port piairs, and are set so as to output to the predetermined optical output ports 
corresponding to the wavelengths of the optical signals input from the respective optical 
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input ports. As a path establishment circuit, an arrayed waveguide grating (AWG) or the 
like can be applied. 

For example, in the case of a path establishment circuit without cyclic- 
wavelength characteristics, in FIG. 29, if the wavelength of an optical signal from the 
output circuit 3301 of the communication node 3201 is set to X3, the wavelength of an 
optical signal from the output circuit 33 12 of the communication node 3212 is set to A,6, 
and the wavelength of an optical signal from the ou^ut circuit 3303 of the 
communication node 3203 is set to X4, it becomes possible to establish the path shown in 
the path establishment circuit 3 1 01 in FIG. 29. 

For example, in the case of a path establishment circuit with cyclic-wavelength 
characteristics, in FIG, 29, if the wavelength of an optical signal from the output circuit 
3301 of the communication node 3201 is set to X3, the wavelength of an optical signal 
from the output circuit 3312 of the communication node 3212 is set to X2, and the 
wavelength of an optical signal from the output circuit 3303 of the commimication node 
3203 is set to it becomes possible to establish the path shown in the path 
establishment ch-cuit 3101 in FIG. 29. 

If a fault occurs in the communication nodes 3202, 3206, 3207 and 3208, a 
logical ring topology is not formed, so that it become impossible to conmiunicate 
between the communication nodes. Therefore, in order to separate the communication 
nodes where a faialt has occurred, as shown in FIG. 29, the path establishment of the path 
establishment circuit is modified. Modifying the path establishment is conducted by 
modifying the wavelength of the optical signal input to the optical input port of the path 
establishment circuit, that is, the wavelength of the optical signal output from the output 
circuit of the communication node. 
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If the path establishment is modified in the path establishment circuits 3101, 
3102 of FIG. 29, the connection of the commimication nodes circulates sequentially from 
the communication node 3201, the communication node 321 1, the communication node 
3204, the communication node 3205, the communication node 3212, the commimication 
node 3203, to communication node 3201, so that the connection of these communication 
nodes forms a logical ring topology. 

As described in the present embodiment, by modifying the wavelength of the 
optical signal output from the output circuit of the communication node, it becomes 
possible to modify the path establishment of the path establishment circuit, separate the 
communication node with a fault, and restore communication by forming the connection 
of the commimication nodes into a logical ring topology. 

Fvirthermore, the number of communication nodes coimected to the path 
establishment circuit is not limited to the number described in the embodiment. 
Moreover, there is no need to connect the commimication nodes to all the optical input 
port and output port pairs of the path establishment circuit. 

(Embodiment 9) 

FIG. 30 describes an optical communication system for accommodating eight 
communication nodes. In FIG. 30, reference symbols 3101 to 3103 denote path 
establishment circuits, reference symbols 3201 to 3208 denote communication nodes, 
reference symbols 3301 to 3308 denote respectively output circuits of the commimication 
nodes 3201 to 3208, reference symbols 3401 to 3408 denote respectively input circuits of 
the communication nodes 3201 to 3208, reference symbols 3601 to 3608 denote optical 
swatches, and reference symbols 3701 to 3708 denote optical multiplexers. 
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The communication nodes 3201 to 3208 each have one output circuit and input 
circuit pair, and there is provided one signal output port and signal input port pair for one 
output circuit and input circuit pair, and the optical signals to the signal input port are 
received, and then, after communication processing, the optical signals are output from 
the signal output port. In FIG. 30, the communication nodes are separated to the left and 
right. However, an input circuit and the corresponding output circuit are contained in the 
same communication node. The path establishment circuits 3101 and 3 1 02 have multiple 
optical input port and optical output port pairs, and are set for outputting to the 
predetermined optical output ports corresponding to the wavelengths of the optical 
signals input from the respective optical input ports. As the path establishment circuit, an 
arrayed waveguide grating (AWG) or the like can be applied. The optical switches 3601 
to 3608 set the direction for outputting an optical signal from an optical input port to any 
of the multiple optical output ports. The optical multiplexers 3701 to 3708 multiplex the 
optical signals from the multiple optical input ports and output to one optical output port. 

In FIG. 30, four communication nodes, four optical switches, foxu* optical 
multiplexers, and one path establishment circuit constitute one unit, and an optical 
communication system comprises two units. 

In FIG. 30, the signal output ports that are provided for the output circuits 3301 
to 3308 of the communication nodes 3201 to 3208, are connected to the optical input 
ports of the corresponding optical switches 3601 to 3608. The optical output ports of the 
optical svdtches 3601 to 3608 are connected to the optical input ports of the 
corresponding optical multiplexers 3701 to 3708 and to the optical input ports of all the 
optical mxiltiplexers 3701 to 3708 of the other units. The optical output ports of the 
optical multiplexers 3701 to 3708 are connected to the corresponding optical input ports 
of the path establishment circuits 3101 and 3102. The optical output ports of the path 
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establishment circuits 3101 and 3102 are connected to the signal input ports provided for 
the input circuits 3401 to 3408 of the corresponding communication nodes 3201 to 3208. 

In FIG. 30, the thin lines denote directions in which connections are possible by 
the optical switches, and the thick lines denote directions in which connections are 
actually made. To set the directions of the optical switches 3601 to 3608, and the paths 
of the paths establishment circuits 3101 and 3102 as shown in FIG. 30, the directions of 
the optical switches 3601 to 3608 are controlled, and the wavelengths of the optical 
signals from the signal output ports of the respective communication nodes are arranged. 

An optical signal from the output circuit 3301 of the communication node 3201 
is input via the optical switch 3601 , the optical multiplexer 3701 and the path 
establishment circuit 3101, to the input circuit 3403 of the communication node 3203 and 
received, and after communication processing by the communication node 3203, the 
optical signal is output from the output circuit 3303. 

An optical signal from the output circuit 3303 of the communication node 3203 
is input via the optical switch 3603, the optical multiplexer 3703 and the path 
establishment circuit 3103, to the input circuit 3404 of the communication node 3204 and 
received, and after communication processing by the communication node 3204, the 
optical signal is output from the output circuit 3304. 

An optical signal from the output circuit 3304 of the communication node 3204 
is input via the optical switch 3604, the optical multiplexer 3705 and the path 
establishment circuit 3102 to the input circuit 3407 of the commimication node 3207 and 
received, and after communication processing by the communication node 3207, the 
optical signal is output from the output circuit 3307. 

An optical signal from the output circuit 3307 of the communication node 3207 
is input via the optical switch 3607, the optical multiplexer 3707 and the path 
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establishment circviit 3102 to the input circuit 3405 of the communication node 3205 and 
received, and after communication processing by the commimication node 3205, the 
optical signal is output from the output circuit 3305. 

An optical signal from the output circuit 3305 of the communication node 3205 
is input via the optical switch 3605, the optical multiplexer 3704 and the path 
establishment circuit 3101 to the input circuit 3402 of the communication node 3202 arid 
received, and after communication processing by the communication node 3202, the 
optical signal is output from the output circuit 3302. 

An optical signal from the ou^ut circuit 3302 of the communication node 3202 
is input via the optical switch 3602, the optical multiplexer 3708 and the path 
establishment circuit 3102 to the input circuit 3406 of the communication node 3206 and 
received, and after communication processing by the communication node 3206, the 
optical signal is output from the output circuit 3306. 

An optical signal from the output circuit 3306 of the commimication node 3206 
is input via the optical switch 3606, the optical multiplexer 3706 and the path 
establishment circuit 3102 to the input circuit 3408 of the communication node 3208 and 
received, and after communication processing by the communication node 3208, the 
optical signal is output from the output circiiit 3308. 

An optical signal from the output circuit 3308 of the communication node 3208 
is input via the optical switch 3608, the optical multiplexer 3702 and the path 
establishment circuit 3101 to the input circuit 3401 of the communication node 3201 and 
received, and commimication processing is carried out by the communication node 3201. 

FIG. 31 shows a logical coimection of these commimication nodes. As shown in 
FIG. 31, the connection of the communication nodes circulates sequentially from the 
communication node 3201, the communication node 3203, the commimication node 
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3204, the commimication node 3207, the communication node 3205, the commimication 
node 3202, the communication node 3206, the communication node 3208, to the 
conmiunication node 3201, so that the connection of these communication nodes fomis a 
logical ring topology. 

Here, a method is described for arranging wavelengths of the optical signals 
from the signal output ports of the respective communication nodes, so that the path is 
established from the optical input port to the adjacent optical output port as shown in the 
path establishment circuit in FIG. 30. 

FIG. 32 shows a configuration of a path establishment circuit. In FIG. 32, 
reference symbol 3101 denotes the path establishment circuit, reference symbols 301 1, 
3012, 3013 and 3014 denote optical input ports, and reference symbols 3021, 3022, 3023 
and 3024 denote optical output ports. FIG. 33 and FIG, 34 show wavelength-routing 
characteristics which determine from which optical output port an optical signal input 
from an optical input port is to be output corresponding to the wavelength thereof. FIG. 
33 shows a case without cyclic-wavelength characteristics, while FIG, 34 shows a case 
with cyclic-wavelength characteristics. Such characteristics can be realized by 
configuring with an arrayed waveguide grating. In a path establishment circuit with 
cyclic- wavelength characteristics, the number of wavelengths used in the respective 
communication nodes may be only a few. 

For example, in an arrayed waveguide grating without cyclic-wavelength 
characteristics, as shown by hatched area in FIG. 33, if an optical signal of X3 
wavelength is input from the optical input port 301 1, it is output to the optical output port 
3023. If an optical signal of A2 wavelength is input from the optical input port 3012, it is 
output to the optical output port 3021. If an optical signal ofX6 wavelength is input from 
the optical input port 3013, it is output to the optical output port 3024. If an optical 
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signal ofXS wavelength is input from the optical input port 3014, it is output to the 
optical output port 3022. 

For example, in the arrayed waveguide grating with cyclic- wavelength 
characteristics, as shown by hatched area in FIG. 34, if an optical signal ofX3 
wavelength is input from the optical input port 301 1, it is output to the optical output port 
3023. If an optical signal of A2 wavelength is input from the optical input port 3012, it is 
output to the optical output port 3021 . If an optical signal of X2 wavelength is input from 
the optical input port 3013, it is output to the optical output port 3024. If an optical 
signal of X.1 wavelength is input from the optical input port 3014, it is ou^ut to the 
optical output port 3022. 

If the wavelength of a communication node connected to the path establishment 
circuit 3101 m FIG. 30 is arranged such as in FIG. 33 or FIG. 34, it becomes possible in 
the path establishment circuit 3101 to establish the path shown by the arrowheads in FIG. 
30. 

Similarly, in the other path establishment circuits, by making the wavelengths of 
optical signals from the signal output ports of communication nodes to a predetermined 
arrangement, it is possible to establish paths such as shown in the path establishment 
circuit 3101 in FIG. 30. 

As described in the present embodiment, by making the wavelength of optical 
signals from the signal output port of the commvmication nodes to the predetermined 
arrangement, and by making the direction of the optical switch to the predetermined 
setting, it becomes possible to make the connection of the communication nodes via a 
path establishment circiiit or the like, into a logical ring topology. Furthermore, either of 
an arrayed waveguide grating with cyclic-wavelength characteristics or an arrayed 
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waveguide grating without cyclic-wavelength characteristics is applicable to such path 
establishment circuits. 

In this embodiment, the optical input port and optical output port pairs of the 
path establishment circuit were described as four pairs, however the optical input port 
and optical output port pairs of the path establishment circuit are not limited to four pairs 
and may be multiple pairs. Also, in the above embodiment, the path establishment 
circuits have the same number of optical input port and optical output port pairs, however 
the respective path establishment circuits may have different numbers of optical input 
port and optical output port pairs. Furthermore, the above embodiment is configured by. 
two imits of path establishment circuits, however the number of units is not limited. 

(Embodiment 10) 

FIG. 35 describes another optical communication system which accommodates 
eight communication nodes. In FIG. 35, reference symbols 3101 to 3102 denote path 
establishment circuits, reference symbols 3201 to 3208 denote communication nodes, 
reference symbols 3301 to 3308 denote respectively output circuits of the communication 
nodes 3201 to 3208, reference symbols 3401 to 3408 denote respectively input circuits of 
the communication nodes 3201 to 3208, reference symbols 3801 to 3803 denote optical 
splitters, and reference symbols 3901 to 3908 denote optical switches. 

The communication nodes 3201 to 3208 each have one output circuit and input 
circuit pair, and there is provided one signal output port and signal input port pair for one 
output circuit and input circuit pair, and the optical signals to the signal input port are 
received, and then, after communication processing, the optical signals are output from 
the signal output port. In FIG. 35, the communication nodes are separated to the left and 
right. However, an input circuit and the corresponding output circuit are contained in the 
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same communication node. The path establishment circuits 3 1 01 to 3 1 02 have multiple 
optical input port and optical output port pairs, and are set for outputting to the 
predetermined optical output ports corresponding to wavelengths of the optical signals 
input from the respective optical input ports. As a path establishment circuit, an arrayed 
waveguide gratmg (AWG) or the like can be applied. The optical splitters 3801 to 3808 
split the optical signals from one optical input port and output it to the multiple optical 
output ports. The optical switches 3901 to 3908 set the direction in which any of the 
optical signals from the multiple input ports are output to one optical output port. 

In FIG. 35, four communication nodes, four optical splitters, four optical 
switches, and one path establishment circuit constitute one imit, and an optical 
commimication system comprises two imits. 

In FIG. 35, the signal output ports that are provided for the output circuits 3301 
to 3308 of the communication nodes 3201 to 3208, are connected to the optical input 
ports of the corresponding optical splitters 3801 to 3808. The optical output ports of the 
optical splitters 3801 to 3808 are connected to the optical input ports of the 
corresponding optical switches 3901 to 3908 and to the optical input ports of all the 
optical switches 3901 to 3908 of the other units. The optical output ports of the optical 
switches 3901 to 3908 are connected to the corresponding optical input ports of the path 
establishment cu^cuits 3101 and 3102. The optical output ports of the path establishment 
circuits 3101 and 3102 are connected to the signal input ports provided for the input 
circuits 3401 to 3408 of the corresponding conmGiunication nodes 3201 to 3208. 

In FIG. 35, the thin lines denote directions in which connections are possible by 
the optical switches, and the thick lines denote directions in which coimections are 
actually made. To set the directions of the optical switches 3901 to 3908, and to 
establish the paths of the path establishment circuits 3101 and 3102 as shown in FIG. 35, 


58 

the directions of the optical switches 3901 to 3908 are controlled, and the wavelengths of 
the optical signals from the signal output ports of the respective communication nodes 
are arranged. Such a connection of the communication nodes forms a logical ring 
topology as in FIG. 31. 

As described in the present embodiment, by making the wavelength of optical 
signals from the signal output ports of the commimication nodes to the predetermined 
arrangement, and by making the direction of the optical switch to the predetermined 
setting, it becomes possible to make the connection of the commimication nodes via a 
path establishment circuit or the like, into a logical ring topology. 

In this embodiment, the optical input port and optical output port pairs of the 
path establishment circuit were described as four pairs, however the optical input port 
and optical output port pairs of the path establishment circuit are not limited to four pairs 
and may be multiple pairs. Also, in the above embodiment, the path establishment 
circuits have the same number of optical input ports and optical output port pairs, 
however the respective path establishment circuits may have different numbers of optical 
input port and optical output port pairs. Furthermore, the above embodiment is 
configured by two units of path establishment circuits, however the number of units is 
not limited. 

(Embodiment 11) 

In this embodiment, a description is given of an optical commimication system 
where a part of communication nodes are replaced by repeaters. In FIG. 36, reference 
symbols 3101 to 3102 denote path establishment circuits, reference symbols 3201 to 
3203 and 3206 to 3208 denote communication nodes, reference symbols 3501 arid 3502 
denote repeaters, reference symbols 3301 to 3308 denote respectively output cu-cuits of 
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the conununication nodes 3201 to 3203 and 3206 to 3208 and the repeaters 3501 and 
3502, reference symbols 3401 to 3408 denote respectively input circuits of the 
communication nodes 3201 to 3203 and 3206 to 3208 and the repeaters 3501 and 3502, 
reference symbols 3601 to 3608 denote optical switches, and reference symbols 3701 to 
3708 denote optical multiplexers. 

The present embodiment is such that in the above-described embodiments, the 
communication node 3204 is replaced by the repeater 3501 and the communication node 
3205 is replaced by the repeater 3502. Even if they are replaced in this manner, the 
connection of the commimication nodes circulates sequentially from the commimication 
node 3201, the communication node 3203, the repeater 3501, the communication node 
3207, the repeater 3502, the commimication node 3202, the communication node 3206, 
the commimication node 3208, to the communication node 3201 , so that the connection 
of these communication nodes forms a logical ring topology. The connection of FIG. 36 
becomes equivalent to a connection skipping the communication nodes 3204 and 3205 in 
FIG. 31. 

In this embodiment, in the optical conmiunication system of the present 
invention, even if the commimication nodes are replaced by repeaters, it is possible to 
make the connection of the conmiunication nodes into a logical ring topology. 

(Embodiment 12) 

In this embodiment, there is described an optical communication system for 
modifying the connections of the communication nodes, by modifying the wavelength of 
the optical signals from the output circuit of the communication node, and the direction 
of the optical switch. 
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FIG. 37 shows a configiiration of a path establishment circuit. In FIG. 37, 
reference symbol 3101 denotes the path establishment circuit, reference symbols 3011, 
3012, 3013 and 3014 denote optical input ports, and reference symbols 3021, 3022, 3023 
and 3024 denote optical output ports, FIG. 38 and FIG. 39 show wavelength-routing 
characteristics which determine from which optical output port an optical signal input 
from an optical input port is to be output corresponding to the wavelength thereof. FIG. 
38 shows a case without cyclic-wavelength characteristics, while FIG. 39 shows a case 
with cyclic-wavelength characteristics. Such characteristic can be realized by 
configuring with an arrayed waveguide grating. In a path establishment circuit with 
cyclic-wavelength characteristics, the number of wavelengths used in the respective 
commxmication nodes may be only a few. 

For example, in an arrayed waveguide grating without cyclic-wavelength 
characteristics, as shown by the hatched area in FIG. 38, if an optical signal of X3 
wavelength is input from the optical input port 301 1, it is output to the optical output port 
3023. If an optical signal of A3 wavelength is input from the optical input port 3012, it is 
output to the optica] output port 3022. If an optical signal ofX6 wavelength is input from 
the optical input port 3013, it is output to the optical output port 3024. If an optical 
signal ofX4 wavelength is input from the optical input port 3014, it is output to the 
optical output port 3021. 

For example, in the arrayed waveguide grating with cyclic- wavelength 
characteristics, as shown by the hatched area in FIG. 39, if an optical signal of A3 
wavelength is input from the optical input port 301 1 , it is output to the optical output port 
3023. If an optical signal of X3 wavelength is input from the optical input port 3012, it is 
output to the optical output port 3022. If an optical signal of X2 wavelength is input from 
the optical input port 3013, it is output to the optical output port 3024. If an optical 
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signal ofX4 wavelength is input from the optical input port 3014, it is output to the 
optical output port 3021 . In this manner, by setting wavelengths of the optical signals 
input to the optical input ports, it becomes possible to modify the path in a path 
establishment circuit such as an arrayed waveguide grating. 

If the wavelength of a communication node connected to the path establishment 
circuit 3101 in FIG. 37 is arranged such as in FIG. 38 or FIG. 39, it becomes possible in 
the path establishment circuit 3101 to establish the paths shown by the arrowheads in 
FIG. 37. In this manner, if the wavelength of the optical signal input to the optical input 
port of the path establishment circuit is modified, optional path establishment becomes 
feasible in path establishment circuit. 

If the optical light sources of the communication nodes are made wavelength- 
tunable optical light sources, and the wavelengths of the optical signals input to the 
optical input ports of the path establishment circuit are modified, then optional path 
establishment in the path establishment circuit is possible. If it becomes possible to 
modify the directions of the optical switches and the path establishment of the path 
establishment circuits, then in an optical communication system, it becomes possible to 
separate the faulty part and to connect normal communication nodes so as to maintain the 
connection of a logical ring topology in the case where a faxilt occurs in a communication 
node or in an optical waveguide such as an optical fiber connecting the commvmication 
nodes or the like, and to configure another ring network. 

FIG. 40 describes an example for modifying the configuration from one ring 
network into two ring networks by modifying a path establishment. In FIG. 40, reference 
symbols 3101 and 3102 denote path establishment circuits, reference symbols 3201 to 
3208 denote communication nodes, reference symbols 3301 to 3308 denote respectively 
output circuits of the communication nodes 3201 to 3208, reference symbols 3401 to 
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3408 denote respectively input circuits of the communication nodes 3201 to 3208, 
reference symbols 3601 to 3608 denote optical switches, and reference symbols 3701 to 
3708 denote optical multiplexers. 

The communication nodes 3201 to 3208 each have one output circuit and input 
circuit pair, and there is provided one signal output port and signal input port pair for one 
output circuit and input circuit pair, and the optical signals to the signal input port are 
received, and then, after communication processing, the optical signals are output from 
the signal output port. In FIG. 40, communication nodes are separated to the left and 
right. However, an input circuit and the corresponding output circuit are contained in the 
same communication node. The path establishment circuits 3101 to 3102 have multiple 
optical input port and optical output port pairs, and are set for ou^utting to the 
predetermined optical output ports corresponding to wavelengths of the optical signals 
input from the respective optical input ports. As the path establishment circuit, an 
arrayed waveguide gratmg (AWG) or the like can be applied. The optical switches 3601 
to 3608 set the direction for outputting an optical signal from an optical input port to any 
of the miiltiple optical output ports. The optical multiplexers 3701 to 3708 multiplex the 
optical signals from the multiple optical input ports and output to one optical output port. 
In the 

case of making a connection of a logical ring topology by the 
commxmication node 3201, the communication node 3203, the communication node 
3204, the communication node 3207, and the commimication node 3205, and making a 
connection of a logical ring topology by the commimication node 3208, the 
communication node 3206, and the communication node 3202, then as shown in FIG. 40, 
the path establishment of the path establishment circuits and the du-ections of the optical 
switches are modified. Modifying the path establishment is conducted by modifying the 
wavelength of the optical signal input to the optical input port of the path establishment 
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circuit, that is, the wavelength of the optical signal output from the output circuit of the 
communication node. 

If the path establishment is modified in the path establishment circuits 3101 and 
3102 and the directions of the optical switches 3601 to 3608 are modified as shown in 
FIG. 40, a logical connection of the communication nodes as shown FIG. 41 can be 
obtained. As shown in FIG. 41, the connection of the communication nodes circulates 
sequentially from the commimication node 3201, the communication node 3203, the 
communication node 3204, the communication node 3207, the communication node 

3205, to the communication node 3201, so that the connection of these communication 
nodes forms a logical ring topology. In addition, regarding a connection from the 
communication node 3208, the commimication node 3202, the communication node 

3206, to communication node 3208, the connection of these commimication nodes also 
forms a logical ring topology. 

As described in the present embodiment, by modifying the wavelength of the 
optical signal output from the output circuit of the communication node and the direction 
of the optical switches, it becomes possible to modify the path establishment of the path 
establishment circuit so as to separate the commimication node with a fault, and to 
configure another ring network 

Furthermore, the number of communication nodes connected to the path 
establishment circuit is not limited to the mimber described in the embodiment. 
Moreover, there is no need to connect the communication nodes to all the optical input 
port and optical output port pairs of the path establishment circuit. 


(Embodiment 13) 
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Next is a description of an information sharing system which uses the optical 
communication system of the present invention. The following embodiments describe an 
example of a case for constituting an information sharing system on an optical 
communication system provided with multiple wavelength path establishment circuits as 
described in the fifth to twelfth embodiments. However, it is possible to construct an 
information sharing system on an optical communication system which uses only one 
wavelength path establishment circuit as described in the first to fourth embodiments. 

At first, a description is given of a basic configuration of an information sharing 
system which uses an optical communication system according to the present invention. 
FIG. 42 shows a basic configuration of an information sharing system comprising four 
communication nodes 3201 to 3204. Shared memory boards 3043 loaded with optical 
transceivers and memories are installed in the communication nodes 3201 to 3204. In 
the system, the flow of packet frames PI to P4 loaded with information of the respective 
communication nodes 3201 to 3204 sent fi-om the optical transceivers installed in the 
shared memory boards 3043 of the respective communication nodes for sharing 
information (in the case of sharing images, this becomes graphic data), forms a logical 
ring topology. As shown in FIG. 42, the packet frames PI to P4 loaded with information 
of the respective commimication nodes 3201 to 3204 circulate on a logical ring so that 
the respective communication nodes can share the information. 

Here, a description is given of a packet frame for circulating on the logical ring 
topology. FIG. 43A and FIG. 43B show a configuration of a packet frame loaded with 
information of the respective communication nodes 3201 to 3204 which circulates on the 
logical ring topology. Here, a description is given of a case where four communication 
nodes share information in an information sharing system. A packet frame 3060 shown 
in FIG. 43A is a diagram for showing a detailed fi*ame configuration of the packet frame 
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P4 shown in FIG. 42. The packet frame 3060 shown in FIG. 43A comprises a frame 
header 3070 loaded with infomiation related to packet frames, and segments 3061 to 
3064 configured from information of the respective communication nodes 3201 to 3204. 
Furthermore, at the head of the respective segments 3061 to 3064, segment headers 3081 
to 3084 loaded with information related to the respective segments are arranged. FIG. 
43 A shows an example of the case where, the segment 3061 is information of the 
communication node 3201, the segment 3062 is information of the communication node 
3202, the segment 3063 is information of the communication node 3203, and the 
segment 3064 is infomiation of the commimication node 3204. 

However, the frame configuration of the information sharing system and a 
method of loading information of the respective commimication nodes onto the frames, is 
not limited to those described above. 

Next is a description of an information sharing system for sharing images 
between the respective communication nodes, using an optical communication system 
which accommodates the eight communication nodes 3201 to 3208. FIG. 44 is a 
diagram showing a configuration of an information sharing system which uses the optical 
communication system of the present invention. In FIG. 44, reference symbols 3101 and 
3102 denote path establishment circuits, reference symbols 3201 to 3208 denote 
commimication nodes, reference symbols 3601 to 3608 denote 1 x 5 optical switches 
having one input port and five output ports, reference symbols 3701 to 3708 denote 5 x 1 
optical multiplexers havmg five input ports and one output port, reference symbols 301 1 
to 3014 denote optical input ports of the path establishment circuit 3101, reference 
symbols 3015 to 3018 denote optical input ports of the path establishment circuit 3102, 
reference symbols 3021 to 3024 denote optical output ports of the path establishment 
circuit 3101, and reference symbols 3025 to 3028 denote optical output ports of the path 
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establishment circuit 3102. Furthermore, reference symbol 3090 denotes an optical 
demultiplexer and reference symbol 3091 denotes an optical multiplexer. Reference 
symbol 3030 denotes a network management node provided with: a network 
management section 3031; an optical control signal receiving section 3032 for receiving 
optical control signals loaded with information related to the control of the optical 
switches 3601 to 3608 transmitted from the respective communication nodes 3201 to 
3208; an optical switch controlling section 3033 for controlling the optical switches 3601 
to 3608; and an optical control signal transmitting section 3034 for transmitting optical 
control signals transmitted to the respective communication nodes 3201 to 3208. 

In FIG. 44, only the signal lines which connect between the optical switch 
controlling section 3033 and the respective optical switches 3601 to 3608 are electric 
signal lines, and the other signal lines are signal lines configured by optical fibers. The 
input ports of the optical switch 360x (x is any integer from 1 to 8) are connected to the 
commuiiication node 320x by optical fibers, and the output ports of the optical switches 
3601 to 3608 are connected to the input ports of the corresponding 5x1 optical 
multiplexers 3701 to 3708 and the input ports of all of the optical multiplexers 3701 to 
3708 connected to the other path establishment circuit. Furthermore, the output ports of 
the 5x1 optical multiplexer 370x (x is any integer from 1 to 4) are respectively 
connected to the optical input port 30 Ix of the path establishment circuit 3101, and the 
output ports of the 5 x 1 optical multiplexers 370y (y is any integer from 5 to 8) are 
respectively connected to the optical input port 301y of the path establishment circuit 
3102. Moreover, in FIG. 44, similarly to as shown FIG. 30, FIG. 35, FIG. 36 and FIG. 
40, the communication nodes 3201 to 3208 are shown separated to the leit and right, 
however the communication nodes denoted by the same reference symbols are the same 
communication nodes. 
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Next is a description of a configuration of the communication nodes 3201 to 
3208 shown in FIG. 44, with reference of FIG. 45. Since all eight communication nodes 
have the same configuration, the configuration of the conmfiimication node 3201 is 
described. In FIG. 45, reference symbol 3040 denotes a computer node, reference 
symbol 3041 denotes a commvmication node management section, reference symbol 
3042 denotes a wavelength-tunable optical light source controlling section, reference 
symbol 3043 denotes a shared memory board loaded with an optical transceiver 3047, 
reference symbol 3044 denotes an optical control/data signal transmitting/receiving 
board, reference symbol 3045 denotes a video signal capturing board, reference isymbol 
3046 denotes an image taking camera, reference symbol 3047 denotes a wavelength- 
tunable optical light source built-in optical transceiver, reference symbol 304i8 denotes an 
image data signal processing section, reference symbol 3049 denotes a processor section, 
reference symbol 3050 denotes a storage medium stored with wavelength characteristics 
and the like of the path establishment circuit 3101 and the path establishment circuit 
3102, reference symbol 3051 denotes an image monitor, reference symbol 3052 denotes 
an optical transceiver for transferring optical control signals, reference symbol 3053 
denotes an optical multiplexer, and reference symbol 3054 denotes an optical 
demultiplexer. Signal lines in the computer node 3040 are electric signal lines. Between 
the optical transceiver 3047 and the optical multiplexer 3053, and between the optical 
transceiver 3052 and the optical demultiplexer 3054, are signal lines comprising optical 
fibers. 

Next is a description of the operation of the commvmication node 3201 shown in 
FIG. 45. The image taking camera 3046, which is an external camera connected to the 
computer node 3040, transmits image data to the video signal capturing board 3045 in 
analog signal format. On receiving this, the video signal capturing board 3045 digitizes 
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the analog signal of the image, and transmits this digitized image data to the shared 
memory board 3043. On receiving this, the shared memory board 3043 stores this image 
data in a data segment of the packet frame input from the optical transceiver 3047 as new 
data for its own communication node. The optical transceiver 3047 transmits the packet 
frame appended with the new data using an optical signal of a desired wavelength. At 
this time, the optical transceiver 3047, based on control information transmitted to the 
optical control/data signal transmitting/receiving board 3044 of the communication node 
via the optical control signal transmitting section 3034 of the network management node 
3030 serving as an optical control/data signal related to a wavelength of the wavelength- 
tunable optical light source, sets the wavelength of the wavelength-tunable optical light 
source via the wavelength-tunable optical light source controlling section 3042 of the 
communication node, and outputs a packet frame as an optical packet fi-ame signal of the 
desired wavelength Xd in the 1 .55 jjm band. 

In the respective communication nodes, there is the optical control/data signal 
transmitting/receiving board 3044 for transferring optical control signals loaded with 
information related to control of the optical switches 3601 to 3608 shown in FIG. 44. 
The wavelength of the optical control signal output from the optical transceiver 3052 
loaded in the optical control/data signal transmitting/receiving board 3044 is a fixed 
wavelength Ax: (for example, 1.3 ^un), and it is a different wavelength to that of the 
optical packet frame signal output from the wavelength-tunable optical light source built- 
in optical transceiver 3047. 

Furthermore, an optical packet frame signal transmitted from the wavelength- 
tunable optical light source built-in optical transceiver 3047 installed in the shared 
memory board 3043, and an optical control signal output from the optical transceiver 
3052 loaded in the optical control/data signal transmitting/receiving board 3044, are 
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multiplexed by the optical mxiltiplexer 3053, and transmitted via an optical fiber to the 
optical demultiplexer 3090 shown in FIG. 44. On the other hand, an optical packet frame 
signal and an optical control signal, transmitted via the optical demultiplexer 3091 shown 
in FIG. 44 to a communication node by an optical fiber, are demultiplexed by the optical 
demultiplexer 3054. As a result, the optical packet frame signal is transmitted to the 
receiving section of the optical transceiver 3047 loaded in the shared memory board 3043, 
and the optical control signal is transmitted to the receiving section of the optical 
transceiver 3052 loaded in the optical control/data signal transmitting/receiving board 
3044. 

Next is a description of a configuration of the shared memory board 3043 shown 
in FIG. 45, with a reference of FIG. 46. In FIG. 46, reference symbol 3047 denotes the 
optical transceiver shown in FIG. 45, reference symbol 3431 denotes a shared memory, 
reference symbol 3432 denotes a frame transfer processing circuit, and reference symbol 
3048 denotes the image data signal processing section shown in FIG. 45. Signals 
input/output to/from the optical transceiver 3047 are opticeil signals via optical fibers. 
Signal lines in the shared memory 3043 are electric signal lines. 

Here a description is given of the operation of the shared memory board 3043, 
with reference to FIG. 46. On the logical ring topology, when a packet frame (optical 
signal) from one of the adjacent communication nodes is input via an optical fiber to the 
optical receiving section of the optical transceiver 3047, the packet frame of the optical 
signal is converted into an electric signal. The frame transfer processing circuit 3432 
splits the photo-electrically converted packet frame into two directions of a first direction 
LI and a second direction L2. Regarding the packet frame split into the first direction LI, 
information of each of the communication nodes written in the packet frame is identified 
by the fi-ame transfer processing circuit 3432, and information of the other 
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commimication nodes are respectively stored in the predetermined address space of the 
shared memory 3431 for respective communication nodes. The conmiunication nodes 
transmit the information of the respective communication nodes stored in the shared 
memory 343 1 to the image data signal processing section 3048 as required. 

On the other hand, for the packet frame split into the second direction L2, the 
communication node deletes its ovra old information in the packet frame by the frame 
transfer processing circuit 3432, reads out new data to be input from the image data 
signal processing section 3048 to the frame transfer processing circuit 3432, and appends 
this to the packet frame. In the case where the commimication node does not have its 
own new data, the commxuiication does not form a segment loaded with information of 
its own cpnmnmication node, in the packet frame. For example, assiiming its own 
communication node is the communication node 3201 shown in FIG. 42, a packet frame 
formed in the case where new data of the communication node 3201 is not appended to 
the packet frame, as shown in FIG. 43, does not have the segment 3061 of its own 
communication node 3201 . As a result, the frame length becomes shorter compared to 
the case where it has segments of all the data of the communication nodes 3201 to 3204 
(FIG. 43 A). 

Next, the packet frame, which has been split into the second direction L2 and its 
own new information has been appended (or has not been appended) by the frame 
transfer processing circuit 3432, is output from the optical transmitter of the optical 
transceiver 3047 to the optical signal transmission optical fiber, and the packet fi-ame is 
transmitted to the adjacent commimication node on the logical ring topology, as an 
optical signal. 
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In this manner, an optical packet frame circulates on the logical ring topology 
constituted by the communication nodes, to thereby execute update of the data in the 
shared memory of the respective communication nodes. 

Next is a description of a detailed configuration of the network management 
node 3030 shown in FIG. 44. The network management section 3031 is mainly 
configured by; a processor section 3035, a control signal input/output interface 3036, and 
a storage mediimi 3037. In the storage medium 3037 there is registered as a basic 
database: a table of wavelength-routing characteristics of the path establishment circuit 
3101 and the path establishment circuit 3102; information of the commimication nodes 
connected to the input port side of the optical switches 3601 to 3608, and information of 
the input ports of the path establishment circuits connected via the optical multiplexers to 
the output port side of the optical switches 3601 to 3609. FIG. 48 shows a table of 
wavelength-routing characteristics showing the relationship between the wavelengths of 
the path establishment circuit 3101 and the input/output ports. FIG. 49 shows a table of 
wavelength-routing characteristics showing the relationship between the wavelengths of 
the path establishment circuit 3102 and the input/output ports. 

The processor section 3035, when communicating between the respective 
communication nodes, determines one of the optical multiplexers 3701 to 3708 to which 
the optical packet frame signals input from the input ports of the optical switches 3601 to 
3608 connected to the respective commimication nodes should be output, based on the 
basic database. Based on the determination result, the processor section 3035 then 
controls the optical switches 3601 to 3608 via the optical switch controlling section 3033 
so that optical packet frame signals input from the input ports of the optical switches 
3601 to 3608 are output to the input side of the desired optical multiplexers 3701 to 3708. 
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Next, based on the wavelength-routing characteristics (FIG. 48 and FIG. 49) of 
the path establishment circuit 3101 and the path establishment circuit 3102 registered in 
the storage medium 3037, the network management section 3031 transmits information 
of the wavelength which should be set by the wavelength-tunable optical light source in 
the wavelength-tunable optical light source built-in optical transceiver 3047 of the 
respective commiuiication nodes via the optical control signal transmitting section 3034 
toward the optical control/data signal transmitting/receiving board 3044 of the respective 
commimication nodes as an optical control/data signal related to the wavelength of the 
wavelength-tunable optical light source. At this time, the network management section 
3031 registers the wavelength settings of the respective communication nodes in the 
storage medium 3037 as a wavelength setting database. 

Next is a description, as an example of an operation procedure of the optical 
commimication system of the present invention, related to how to realize logical ring 
topology information sharing configured by; the communication node 3201, the 
communication node 3203, the commimication node 3204, the communication node 
3205, and the communication node 3207 (called information sharing group A), and 
logical ring topology information sharing configured by; the communication node 3202, 
the communication node 3206, and the communication node 3208 (called information 
sharing group B). 

In the case where the communication node 3201, the communication node 3203, 
the communication node 3204, the communication node 3205, and the communication 
node 3207 form a logical ring topology information sharing group A (denoted by (A) in 
FIG. 44), and the flow of an optical packet frame on the logical ring topology is; the 
communication node 3201 the communication node 3203 — ► the communication 
node 3204 —> the communication node 3207 the communication node 3205 — >the 
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communication node 3201, then the control information loaded with a request for 
connecting the node 3201 to the node 3203, the node 3203 to the node 3204, the node 
3204 to the node 3207, the node 3207 to the node 3205, and the node 3205 to the node 
3201 is transmitted from the optical control/data signal transmitting/receiving board 3044 
of the respective communication nodes. Control information is received via the optical 
demultiplexer 3090 by the optical control signal receiving section 3032 of the network 
management node 3030, and the received information is transmitted to the network 
management section 3031. 

On receiving this, in the network management section 303 1, based on the 
aforementioned basic database, the processor section 3035 determines one of the optical 
multiplexers 3701 to 3708 to which the packet frame signals input from the input ports of 
the optical switches 3601, 3603, 3604, 3605 and 3607 connected to the respective 
communication nodes should be output, and controls via the optical switch controlling 
section 3033 so that the packet frame signals input from the input ports of the optical 
switches 3601, 3603, 3604, 3605 and 3607 are output to the input side of the desired 
optical multiplexers 3701 to 3708. At the same time, information of the wavelength 
which should be set by the wavelength-tunable optical light source in the wavelength- 
tunable optical light source built-in optical transceiver 3047 of the respective 
communication nodes is transmitted via the optical control signal transmitting section 
3034 of the network management node 3030 to the optical control/data signal 
transmitting/receiving board 3044 of the respective communication nodes as an optical 
control/data signal related to the wavelength of the wavelength-tunable optical light 
source. The respective commimication nodes receive the information related to the 
wavelength of the wavelength-txmable optical light source transmitted from the network 
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management node 3030, and set the wavelength of the wavelength-tunable optical light 
source to the detemiined wavelength. 

Similarly, in the case where the communication node 3202, the communication 
node 3206, and the communication node 3208 form a logical ring topology information 
sharing group B (denoted by (B) in FIG. 44) and the flow of an optical packet frame on 
the logical ring topology is; the communication node 3202 — > the communication node 
3208 — ► the commimication node 3206 — > the communication node 3202, then the 
control information loaded with a request for connecting the node 3202 to the node 3208, 
the node 3208 to the node 3206, and the node 3206 to the node 3202 is transmitted from 
the optical control/data signal transmitting/receiving board 3044 of the respective 
communication nodes. Control information is received via the optical demultiplexer 
3090 by the optical control signal receiving section 3032 of the network management 
node 3030, and the received information is transmitted to the network management 
section 3031. 

In the network management section 3031, based on the aforementioned basic 
database, the processor section 3035 determines one of the optical multiplexers 3701 to 
3708 to which the packet frame signals input from the input ports of the optical switches 
3602, 3606 and 3608 connected to the respective communication nodes should be output, 
and controls via the optical switch controlling section 3033 so that the packet frame . 
signals input from the input ports of the optical switches 3602, 3606 and 3608 are output 
to the input side of the desired optical multiplexers 3701 to 3708. At the same time, 
information of the wavelength which should be set by the wavelength-tunable optical 
light source in the wavelength-tunable optical light source built-in optical transceiver 
3047 of the respective communication nodes is transmitted via the optical control signal 
transmitting section 3034 of the network management node 3030 to the optical 
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control/data signal transmitting/receiving board 3044 of the respective communication 
nodes as an optical control/data signal related to the wavelength of wavelength-tunable 
optical light source. The respective communication nodes receive the information related 
to the wavelength of the wavelength-tunable optical light source transmitted from the 
network management node 3030, and set the wavelength of wavelength-tunable optical 
light source to the determined wavelength. 

Next is a description of the flow of an optical packet frame in the condition 
where the information sharing group A and the information sharing group B form two 
logical ring topologies. First is a description of the flow of an optical packet fi^me of the 
information sharing group A. 

An optical packet frame signal output from the communication node 3201 , 
passes through the optical switch 3601, the optical multiplexer 3701, the optical input 
port 301 1 of the path estabhshment circuit 3 101, the output port 3023 of the path 
establishment circuit and the optical multiplexer 3091, and is received by the optical 
transceiver 3047 of the shared memory board 3043 of the communication node 3203. 
Here, the wavelength of the optical packet frame signal output from the communication 
node 3201 is set to 73 based on the wavelength-routing characteristics (FIG. 48) of the 
path establishment circuit 3101. The optical packet frame signal transmitted from the 
communication node 3201 and received by the optical transceiver 3047 of the 
communication node 3203, after the processing in the frame transfer processing circuit 
3432 of the communication node 3203, is output as an optical packet frame signal from 
the optical transceiver 3047. 

An optical packet frame signal output from the commxmication node 3203, 
passes through the optical switch 3603, the optical multiplexer 3703, the input port 3013 
of the path establishment circuit 3101, the output port 3024 of the path establishment 
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circuit and the optical multiplexer 3091, and is received by the optical transceiver 3047 
of the shared memory board 3043 of the commimication node 3204. Here, the 
wavelength of the optical packet frame signal output from the commimication node 3203 
is set to X2 based on the wavelength-routing characteristics (FIG. 48) of the path 
establishment circuit 3101. The optical packet fi-ame signal transmitted from the 
communication node 3203 and received by the optical transceiver 3047 of the 
communication node 3204, after the processing in the frame transfer processing circuit 
3432 of the commvmication node 3204, is output as an optical packet frame signal from 
the optical transceiver 3047. 

An optical packet frame signal output from the commvmication node 3204, 
passes through the optical switch 3604, the optical multiplexer 3705, the input port 3015 
of the path establishment circuit 3 1 02, the output port 3027 of the path establishment 
circuit and the optical multiplexer 3091, and is received by the optical transceiver 3047 
of the shared memory board 3043 of the communication node 3207. Here, the 
wavelength of the optical packet frame signal output from the communication node 3204 
is set to X3 based on the wavelength-routing characteristics (FIG. 49) of the path 
establishment circuit 3 102. The optical packet frame signal transmitted from the 
commimication node 3204 and received by the optical transceiver 3047 of the 
communication node 3207, after the processing in the frame transfer processing circuit 
3432 of the communication node 3207, is output as an optical packet frame signal from 
the optical transceiver 3047. 

An optical packet frame signal output from the communication node 3207, 
passes through the optical switch 3607, the optical multiplexer 3707, the input port 3017 
of the path establishment circuit 3 102, the output port 3025 of the path establishment 
circuit and the optical multiplexer 3091, and is received by the optical transceiver 3047 
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of the shared memory board 3043 of the commxinication node 3205. Here, the 
wavelength of the optical packet frame signal output from the communication node 3207 
is set to X.3 based on the wavelength-routing characteristics (FIG. 49) of the path 
establishment circuit 31 02. The optical packet frame signal transmitted from the 
communication node 3207 and received by the optical transceiver 3047 of the 
communication node 3205, after the processing in the frame transfer processing circuit 
3432 of the commimication node 3205, is output as .an optical packet frame signal from 
the optical transceiver 3047. 

An optical packet fi^me signal output from commimication node 3205, passes 
through the optical switch 3605, the optical multiplexer 3704, the input port 3014 of the 
path establishment circuit 3101, the output port 3021 of the path establishment circuit 
and the optical multiplexer 3091, and is received by the optical transceiver 3047 of the 
shared memory board 3043 of the communication node 3201. Here, the wavelength of 
the optical packet frame signal output from the commimication node 3205 is set to XA 
based on the wavelength characteristics (FIG. 48) of the path establishment circuit 3101. 
The optical packet frame signal transmitted from the communication node 3205 and 
received by the optical transceiver 3047 of the commimication node 3201, after the 
processing in the frame transfer processing circuit 3432 of the communication node 3201, 
is output as an optical packet frame signal from the optical transceiver 3047. 

In this manner, the connection of the communication nodes circulates 
sequentially from the communication node 3201 the communication node 3203 the 
communication node 3204 — > the communication node 3207 the communication node 
3205 — > the communication node 3201, so that the connection of these communication 
nodes forms a logical ring topology. 
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Next is a description of the flow of a packet frame of the infomiation sharing 

group B. 

Firstly, an optical packet frame signal output from the communication node 
3202, passes through the optical switch 3602, the optical multiplexer 3706, the input port 
3016 of the path establishment circuit 3 102, the output port 3028 of the path 
establishment circuit and the optical multiplexer 3091, and is received by the optical 
transceiver 3047 of the shared memory board 3043 of the communication node 3208. 
Here, the wavelength of the optical packet frame si^al output from the communication 
node 3201 is set to X,l based on the wavelength-routing characteristics (FIG. 49) of the 
path establishment circuit 3 1 02. The optical packet frame signal transmitted from the 
commimication node 3202 and received by the optical transceiver 3047 of the 
commimication node 3208, after the processing in the frame transfer processing circuit 
3432 of the communication node 3208, is output as an optical packet frame signal from 
the optical transceiver 3047. 

An optical packet frame signal output from the communication node 3208, 
passes through the optical switch 3608, the optical multiplexer 3708, the input port 3018 
of the path establishment circuit 3102, the output port 3026 of the path establishment 
circuit and the optical multiplexer 3091, and is received by the optical transceiver 3047 
of the shared memory board 3043 of the communication node 3206. Here, the 
wavelength of the optical packet frame signal output from the commimication node 3208 
is set to XI based on the wavelength-routing characteristics (FIG. 49) of the path 
establishment circuit 3 102. The optical packet frame signal transmitted from the 
communication node 3208 and received by the optical transceiver 3047 of the 
commimication node 3206, after the processing in the frame transfer processing circuit 
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3432 of the communication node 3206, is output as an optical packet frame signal from 
the optical transceiver 3047. 

An optical packet frame signal output from the commimication node 3206, 
passes through the optical switch 3606, the optical multiplexer 3702, the input port 3012 
of the path establishment circuit 3101, the output port 3022 of the path establishment 
circuit and the optical multiplexer 3091, and is received by the optical transceiver 3047 
of the shared memory board 3043 of the commimication node 3202. Here, the 
wavelength of the optical packet frame signal output from the communication node 3206 
is set to X3 based on the wavelength-routing characteristics (FIG. 48) of the path 
establishment circuit 3101. The optical packet frame signal transmitted from the 
commimication node 3206 and received by the optical transceiver 3047 of the 
commimication node 3202, after the processing in the frame transfer processing circuit 
3432 of the communication node 3202, is output as an optical packet frame signal from 
the optical transceiver 3047. 

In this manner, the connection of the communication nodes circulates 
sequentially from the communication node 3202 — ♦ the communication node 3206 —> the 
communication node 3208, so that the connection of these communication nodes forms a 
logical ring topology. 

In the description above, the optical input port and optical output port pairs of 
the path establishment circuit were described as four pairs, however the optical input port 
and optical ou^ut port pairs of the path establishment circuit are riot limited to four pairs 
and may have multiple pairs. Also, the path establishment circuits were described as 
having the same number of optical input port and optical output port pairs, however the 
respective path establishment circuits may have different numbers of optical input port 
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and optical output port pairs. Furthermore, it was configxired by two units of path 
establishment circuits, however the number of imits is not limited. 

Moreover, as the path establishment circuits 3101 to 3102, cyclic-wavelength 
characteristics arrayed waveguide gratings (AWG) made of Silica-glass optical 
waveguides or the like are applicable, however they are not limited to this as long as they 
are wavelength-routing devices in which the output ports can be controlled by 
wavelengths. 

Furthermore, as the 1x5 optical switches 3601 to 3608, Mach-Zehnder type 
optical switches made of Silica-glass optical waveguides or the like are applicable, 
however, they are not limited to this as long as they are optical devices having a function 
for outputting an input optical signal to any one direction of eight directions. 

(Embodiment 14) 

Next is a description of another configuration of an infomiation sharing system 
for sharing images between the respective communication nodes, using an optical 
commimication system which accommodates the eight communication nodes 3201 to 
3208, with reference to FIG. 50. In FIG. 50, reference symbols 361 1 to 3618 denote 5 x 
1 optical switches having five input ports and one output port, and reference symbols 
3801 to 3808 denote 1x5 optical splitters having one input port and 5 output ports. The 
input ports of the optical splitter 380x (x is an integer from 1 to 8) are connected to a 
communication node 320x by optical fibers, and the output ports of the optical splitter 
380x are connected to the input ports of the corresponding 5x1 optical switches 361 1 to 
3618 and the input ports of all of the 5 x 1 optical switches 361 1 to 3618 connected to the 
other path establishment circuit. Furthermore, the output ports of the 5 x 1 optical switch 
361x (x is an integer from 1 to 4) are respectively connected to the optical input signal 
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port 301x of the path establishment circuit 3101, and the output ports of the 5 x 1 optical 
switch 361y (y is an integer from 5 to 8) are respectively connected to the optical input 
signal port 301y of the path establishment circuit 3102. 

The difference between the configuration shown in FIG. 50 and the 
configuration shown in FIG. 44 is that the 1 x 5 optical splitters are arranged on the 
positions of the optical switches 3601 to 3608 in the configuration shown FIG. 44, and 
the 5 X 1 optical switches are arranged on the positions of the optical multiplexers 3701 
to 3708 in the configuration shown FIG. 44. The other configuration is the same, and 
also the operation of the information sharing group fpmiation and the like is the same. 
Therefore, detailed description is omitted. 

Between the multiple communication nodes, in principle there is no master and 
slave relationship. However, a specific communication node may have a fimction of 
determining the timing for starting the flow of a new packet frame, and a function of 
supervising the size of a segment to be added in the case of adding a new packet frame to 
a packet frame which is already flowing. As a result, it becomes possible to avoid 
problems such as the collision of packet frames, or a condition where information 
included in a packet frame can not be loaded in the memory in the communication node. 

(Embodiment 15) 

In the optical communication system accommodating eight commimication 
nodes shown in FIG. 44, a description is given of an embodiment related to fault 
avoidance in the case where a fault occurs. The configviration of the riespective 
communication nodes is the same as in FIG. 45. Furthermore, the relationship between 
the wavelengths of the path establishment circuit 3101 and the path establishment circuit 
3102 and the optical input/output ports is as shown in FIG. 48 and FIG. 49 respectively. 
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By the operation procedure described in the thirteenth embodiment of the 
present invention, logical ring topology information sharing (information sharing group 
A) configured by the conmfiunication node 3201, the commxmication node 3203, the 
communication node 3204, the communication node 3205, and the communication node 
3207, and logical ring topology information sharing (information sharing group B) 
configured by the commimication node 3202, the commimication node 3206, and the 
communication node 3208 are formed (FIG. 44). 

In the present embodiment, a description is given of how the information 
sharing group avoids a faulty part and continues the operation of information sharing for 
the information sharing group A, in the case where an optical fiber for connecting 
between the optical svdtch 3601 and the optical multiplexer 3701 is disconnected. 

<Procedure for Fault Detection > 

In the information sharing group A, an optical packet frame for transmitting the 
information of the respective communication nodes, sequentially circulates on a logical 
ring topology of the communication node 3201 the communication node 3203 — > the 
communication node 3204 the communication node 3207 — ► the commimication node 
3205 the communication node 320 1 . 

An optical packet frame output from the communication node 3201 , passes 
through the optical demultiplexer 3090, the optical switch 3601, the optical multiplexer 
3701, the optical input port 301 1 of the path establishment cu-cuit 3 101, the optical 
output port 3023 of the path establishment circuit 3101 and the optical multiplexer 3091, 
and is received by the optical receiver of the optical transceiver 3047 in the shared 
memory board 3043 of the commimication node 3203. Here, between the respective 
optical packet frames (denoted by reference symbol 3065 in FIG. 51), the optical power 
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is not zero (silent condition), and is filled with an optical bit string signal which does not 
haves meaning as information. This bit string signal is called an idle signal. For example, 
it is an alternating signal of "10101010...." as shown in FIG. 51. Here, "1" is ttie 
condition with optical power and "0" is the condition without optical power. In FIG. 51, 
for convenience of description, the duration of the condition of "1" and the condition of 
"0" is drawn exaggerated. 

In the case where an optical fiber for connecting between the optical switch 
3601 and the optical multiplexer 3701 is disconnected due to some fault, the optical 
signals do not reach to the optical receiver of the optical transceiver 3047 of the 
communication node 3203, so that the optical receiver detects the disconnection of the 
optical signals. The communication node 3203 then notifies the detected information for 
optical signal disconnection, fi*om the optical control/data signal transmitting/receiving 
board 3044 of the communication node 3203 to the network management node 3030. 

The network management node 3030 receives the detected information for 
optical signal disconnection transmitted by the communication node 3203, by the optical 
control signal receiving section 3032, and transmits the information to the processor 
section 3035. 

The network managemeiit node 3030, on receipt of the detected information for 
optical signal disconnection fi-om the communication node 3203, transmits halting 
instruction information (hereunder, called optical output halting instruction information) 
for halting the optical outputs of the wavelength-tunable optical light sources of the 
respective communication nodes, fi^om the optical control signal transmitting section 
3034 to the other communication nodes of the information sharing group A to which the 
communication node 3203 belongs (the commxmication node 3201, the communication 
node 3204, the comimunication node 3205 and the commimication node 3207). At this 
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time, the optical receivers of the respective optical transceivers 3047 of the 
communication node 3201 , the communication node 3204, the communication node 
3205 and the communication node 3207 detect the disconnection of the optical signal. 
However, since they have received the aforementioned optical output halting instruction 
information, they do not transmit the detected information for optical signal 
disconnection to the network management node 3030. 

When a predetermined time tl has elapsed after transmitting the aforementioned 
detected information for optical signal disconnection, the communication node 3203 
transmits information (herexmder called "own commxmication node optical transmitter 
cutoff information") to cutoff output from the optical transmitter of its own optical 
transceiver 3047 to the network management node 3030. The communication node 3203, 
after transmitting the own commvinication node optical transmitter cutoflF information, 
cuts off output from its own optical transceiver 3047. 

Herexmder is a description of a method for determining the value of time tl . 
At the time of constructing the system, the time required from when the 
commxmication node transmits the detected information for optical signal disconnection 
to the network management node 3030 xintil the network management node 3030 
transmits the optical output halting instruction information from the optical control signal 
transmitting section 3034 (denoted by Tl) is measxired beforehand for each of the 
respective commxanication nodes. Assxmiing that the maximxmi value of the time Tl is 
TIM, the time tl is set to a value which satisfies tl>TlM. 

After cutting off the output of the optical transceiver 3047 of the communication 
node 3203, the optical signals do not reach to the optical receiver of the optical 
transceiver 3047 of the commxmication node 3204, so that the optical receiver of the 
commxmication node 3204 detects the discomiection of the optical signals. However, the 
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communication node 3204 has already received the optical output halting instruction 
information from the network management node 3030, so that it does not transmit the 
detected information for optical signal disconnection. 

At this stage, the optical outputs of the wavelength-tunable optical light sources 
of all the commimication nodes constituting the information sharing group to which the 
communication node 3203 belongs, are halted. 

Next, the processor section 3035 of the network management node 3030 
identifies the cause of the optical signal disconnection in the optical receiver of the 
optical transceiver 3047 of the communication node 3203, from following four cases. 

Fault candidate 1 : An optical fiber is disconnected somewhere between the 
communication node 3201 and the optical input port 301 1 of the path establishment 
circuit 3101. 

Fault candidate 2: An optical transmitter of the optical transceiver 3047 of the 
communication node 3201 is faulty so that optical signals are no longer output. 

Fault candidate 3: An optical fiber for connecting the optical output port 3023 of 
the path establishment circuit 3101 and the optical multiplexer 3091 is discoimected. 

Fault candidate 4: An optical fiber for connecting the optical multiplexer 3091 
and the communication node 3203 is disconnected. 

Firstly, the network management node 3030 in order to query the condition 
(presence of a discoimection) of an optical fiber 3123 for connecting the communication 
node 3203 and the optical multiplexer 3091, sends a reply requesting message from the 
optical control signal transmitting section 3034 to the communication node 3203 (step SI 
of the flowchart in FIG. 52A). 

After step SI, the network management node 3030 waits for a reply message 
from the communication node 3203 during the preset time t2 (step S2 in FIG. 52A). 


86 

Hereimder is a description of a method for determining the value of time t2. 

At the time of constructing the system, the network management node 3030 
transmits a reply requesting message to the commimication nodes, and measures the time 
required (T2) from transmission of the reply requesting messages until the reply message 
reaches the respective communication nodes beforehand for each of the respective 
communication nodes. Assuming that the maximum value of the time T2 is T2M, the 
time t2 is set to a value which satisfies t2>T2M. 

hi the case where the reply message is not transmitted fi-om the communication 
node 3203 during the time t2 (determination result of step S3 in FIG. 52A is NO), the 
network management node 3030 determines that the optical fiber 3123 is disconnected 
(this is fault candidate 4) (step S4 in FIG. 52A). 

After step S4, the network management node 3030 carries out a step for 
continuing the operation of information sharing by the communication nodes othef than 
the communication node 3203 in the information sharing group A (the communication 
node 3201, the communication node 3204, the communication node 3205 and the 
communication node 3207). 

That is to say, the network management node 3030, based on the relationship 
between the respective input/output ports and the wavelengths of the path establishment 
chcuit 3101 and the path establishment circuit 3102 (FIG. 48 and FIG. 49); transmits 
wavelength setting information for setting the output wavelength of the wavelength- 
timable optical light source of the optical transceiver 3047 of the communication node 
3201 to X4 and for optical outputting, fi-om the optical control signal transmitting section 
3034 to the communication node 3201; transmits wavelength setting information for 
setting the output wavelength of the wavelength-tunable optical light source of the 
optical transceiver 3047 of the communication node 3204 to A3 and for optical outputting, 
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from the optical control signal transmitting section 3034 to the commimication node 
3204; transmits wavelength setting information for setting the output wavelength of the 
wavelength-tunable optical light source of the optical transceiver 3047 of the 
communication node 3207 to X3 and for optical outputting, from the optical control 
signal transmitting section 3034 to the commimication node 3207; and transmits 
wavelength setting information for setting the output wavelength of the wavelength- 
timable optical light source of the optical transceiver 3047 of the commimication node 
3205 to X4 and for optical outputting, from the optical control signal transmitting section 
3034 to the communication node 3205 (step S5 in FIG* 52A). 

The communication node 3201, the communication node 3204, the 
communication node 3205 and the commimication node 3207 which receive this 
wavelength setting information, set the wavelengths of the respective wavelength-tunable 
optical light sources to M, 73, X4 and X3 and ou^ut optical signals (step S6 in FIG. 52A). 

As a result, in the information sharing group A, an optical packet frame for 
transmitting the information of the respective communication nodes, sequentially 
circulates on a logical ring topology of the communication node 3201 ^ the 
communication node 3204 — > the communication node 3207 the cormnunication node 
3205 — > the communication node 3201, so that it is possible to continue the information 
sharing in a condition with the communication node 3203 separated. 

On the other hand, in the case where the reply message is transmitted from the 
communication node 3203 during the tune t2 (determination resuh of step S3 is YES), 
the network management node 3030 determines that the optical fiber 3123 is not 
disconnected (step S7 in FIG. 52A). 

Next, the network management node 3030 transmits from the optical control 
signal transmitting section 3034 to the communication node 3203, instruction 
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information for setting the output wavelength of its own wavelength-tunable optical light 
source to a wavelength for returning to its own communication node 3203, that is to XI 
(based on FIG. 48) and for optical outputting (hereunder, called "loop-back wavelength 
outputting instruction") (step S8 in FIG. 52A). 

The commxuiication node 3203 on receiving the loop-back wavelength 
outputting instruction from the network management node 3030, sets the wavelength of 
its own wavelength-timable optical light source to XI and transmits an optical signal 
(hereunder, called "loop-back optical signal") (step S9 in FIG. 52A). 

In the case where the optical receiver of the optical transceiver 3047 of the 
communication node 3203 receives the loop-back optical signal (determination result of 
step SIO in FIG. 52B is YES), the commxmication node 3203 transmits loop-back optical 
signal receiving information to the network management node 3030 (step Sll in FIG. 
52B). 

By receiving the loop^back optical signal receiving information, the network 
management node 3030 determines that the fault is neither fault candidate 3 nor fault 
candidate 4 (step S12 in FIG. 52B). 

On receiving the result of step SI 2, the network management node 3030 
determines that a fault has occurred between the communication node 3201 and the 
optical input port 301 1 of the path establishment circmt 3101, or that the optical 
transmitter of the optical transceiver 3047 of the communication node 3201 is faulty so 
that the optical signal can no longer be output (step S13 in FIG. 52B). 

After step SI 3, the network management node 3030, in order to continue the 
operation of the information sharing group A by the communication nodes except for the 
conmiunication node 3201, based on the relationship between the respective input/output 
ports and the wavelengths of the path establishment circmt 3101 and the path 
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establishment circmt 3102 (FIG. 48 and FIG. 49), transmits to the communication node 
3203, the commimication node 3204, the commimication node 3205 and the 
communication node 3207 instruction information for setting the wavelengths of the 
wavelength-tunable optical light sources of the respective commimication nodes to A2, A3, 
X2 and X3 and for optical outputting (step S14 in FIG. 52B). 

When the respective communication nodes receive the instruction information, 
they set the wavelengths of their own wavelength-timable optical light sources based on 
the instruction information and output optical signals (step SI 5 in FIG, 52B). 

After step SI 5, in the information sharing group A, an optical packet frame 
signal for transmitting the information of the respective communication nodes, 
sequentially circulates on a logical ring topology of the commimication node 3203 — ► the 
communication node 3204 — ► the communication node 3207 —► the communication node 
3205 the communication node 3203, so that it is possible to continue the operation of 
information sharing. 

On the other hand, in the case where the optical receiver of the optical 
transceiver 3047 of the commimication node 3203 could not receive the loop-back 
optical signal (determination result of step SIO is NO), the communication node 3203 
transmits information showing that the loop-back optical signal could not be received, to 
the network management node 3030 (step SI 6 in FIG. 52B). 

By receiving the information, the network management node 3030 determines 
that the fault is the fault candidate 4 (step S17 in FIG. 52B). 

After step SI 7, the network management node 3030, in order to continue the 
operation of the information sharing group A by the communication nodes except for the 
communication node 3203, based on the relationship between the respective input/output 
ports and the wavelengths of the path establishment circuit 3 1 01 and the path 
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establishment circuit 3 102 and the wavelengths (FIG. 48 and FIG. 49), transmits to the 
communication node 3201 , the communication node 3204, the communication node 
3205 and the commimication node 3207 instruction information for setting the 
wavelengths of the wavelength-tunable optical light sources of the respective 
communication nodes to X4, A3, X2 and X4 and for optical outputting (step SI 8 in FIG. 
52B). 

When the respective commimication nodes receive the instruction information, 
they set the wavelengths of their own wavelength-tunable optical light soiu-ces based on 
the instruction information and output optical packet frame signals (step S19 in FIG. 
52B). 

Accordingly, in the information sharing group A, an optical packet frame for 
transmitting the information of the respective commimication nodes, sequentially 
circulates on a logical ring topology of the commimication node 3201 the 
communication node 3204 the commimication node 3207 — > the communication node 
3205 the commimication node 3201, so that it is possible to continue the operation of 
information sharing. 

By the above-described procedure, in the case where an optical fiber for 
connecting between the optical switch 3601 and the optical multiplexer 3701 is 
disconnected in the information sharing group A, the information sharing group avoids 
the faulty part and continues the operation of information sharing. 

As described above, a logical ring topology is formed using the wavelength- 
routing characteristics of an arrayed waveguide grating, and wavelength-tunable optical 
light sources. Hence, even in the case where a fault occurs for some reason in one of the 
communication nodes constituting the logical ring topology, it is possible to bypass the 
faulty node and to easily form a new logical ring topology by changing the routing. 
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Furthermore, a logical grouping of communication nodes becomes possible, and 
dynamically changing this grouping or forming a new grouping can be easily realized. 

Moreover, in the abovementioned thirteenth to fifteenth embodiments, a 
description is given of the configuration and operation of a control system where the 
network management node 3030 is the main constituent, with the example being given of 
the case applied to an optical communication system provided with multiple wavelength 
path establishment circuits as described in the fifth to twelfth embodiments. However, 
by omitting the control related to the optical switches 3601 to 3608 fi:om within the 
controls that the aforementioned control system carries out, then this can be similarly 
applied to the optical commimication system which uses only one wavelength path 
establishment circuit as described in the first to fourth embodiments. 

An optical commimication system of the present invention can also be applied to 
usage where information sharing between respective commimication nodes is essential. 
For example, this is applicable to the following systems: 

(1) High quality image sharing systems in hospitals, CAD data real time editing, 
image sharing systems inside an intranet, such as for image source real time editing at 
broadcasting stations. 

(2) Information sharing systems for FA, such as production line control systems, 
process control systems and the like. 

(3) Distributed processing systems for on line distributed processing, computer 
clustering (cooperative operation between CPUs) and the like. 

(4) Monitoring systems for monitoring atomic power plants, bank counters, and 

the like. 

While preferred embodiments of the invention have been described and 
illustrated above, it should be understood that these are exemplary of the invention and 
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are not to be considered as limiting. Additions, omissions, substitutions, and other 
modifications can be made without departing from the spirit or scope of the present 
invention. Accordingly, the invention is not to be considered as being limited by the 
foregoing description, and is only limited by the scope of the appended claims. 


